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Methods of identifying, selecting and/or characterizing compounds 
which modulate the actlvitv of a Src family kinase 

1 0 The presait invention relates to methods of identifying, selecting and/ or characterizing comr 
potmds vMdh modulate the activity of a Src family kinase and their use in the treatment of 
diseases, are at least in part causedbya^ 

VaEbiBmetiiodsof selecting identifying and/or characterizing coii^xjnds are known in tiie 
15 art These scceenir^ methods are used to identify and/or characterize corrpounds for their 
potency to hind to tar^ proteins and/or to modulate the function of target proteins. Methr 
ods of this kind are available for numeiDUS protein targets vA^kh are inter alia involved in the 
etiobgy of certain pathological disorders. 

20 The irost o^mrnon screening qstans are based on ineasurements of the bindirg constants of 
the coii5X)tind to be tested for fhdr bindingpropecties to certain target pgx)teins. However, it 
is preferred to use cdl based assaj® to sateen for potentiaEyin^^ 
era], these cell based assays make use of an overexpression of the target protein to permit 
large-scale screening Nagyetal describe an itutdbke^ipiessfon system for 

25 tors viicti maybe used for druig screening purposes (Neurochem. Int 2003; 43(1), 19-29)). A 
relatedmefhodisdisctosedbyUchinoetaL (Brain Re& IvfoL Brain Res., 1997; 44(1), Ml), 
namely a cdl-based, inducible dng screening system for compounds acting on an NMDA 
receptor charind- Vanhoenacker et aL describe aWg^ 

tonin receptors in L929 cdls usii^ an inducible expression system (Receptor Channels; 1997; 
30 5(34), 125-137). This system is established for characfcarization purposes of a potentially irv 
teresting substance 
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Ore piDtan target of interest 

or chatacteriang carr5X>unds (wflh activity to modulate the target piotan furctian) are availr 
able, is ag Hsp 90 (Heat shock protein 90). TheH5p90 f airity of protdns is a grotp of 
hi^y conserved stress proteins that are e>^a:es8edin all eukaryotic ceDs. It pla^ a key role in 
S the odlular stress response 1:^irTberactii^\^ 

has been alteisd by mviixsrimental stresses, such as heat shod^ ensuring adequate ptotein 
fokSr^andprevettdngnonrspedfi (1998)Fharxiiacok)g^GalSeviev^^ 
(50) 493-513). Beside lhat Hsp90 has an innportant legqlatoiy role by xnantaining the oori- 
foanaticmal stabiHty and rnaturatkm of se\^^ 

10 

For exampSe, WO 03/067262 discloses a mefliod of identifying confounds vvJiich modulate 
fheinie£actianbetwemfheHq390 and ihe co-factor Aha-L The rnelhod is based on a c^ 
basedassay. Upon addition of a test conpound an dEfect on ihecd^ 
ctetemunatian of the morphobg^cal status of the odk Ass^ methods disclosed therein msy 
15 be ised to deteratine the ability of test con^unds to inhibit cellular prolifecation* WO 
03/050295 relates to a c€]H)asednnefhod for idaitif)^ 

ity form of H5p9 0, vAnch occurs in certain tumor cdk WO 00 /686693 discloses a method of 
screening and identifying a molecule that alters the centrosomal location of Usj[BO in a celL 
The nx)dulating effect of a test con:^)ound on 
20 proteins interacting with Hsp90. In such a case, the confound can act as an indirect inhibitor 
of the protein interacting with Hsp90. 

In other words, methods known m the art for the identification/characterization of comr 
pomds with modulating effects on target proteins, eg Hsp90 amongst numerous other tar- 
25 get proteins, maybe based on a variety of mechanisms depending vpon the specific ceUular 
function of the respective targpt proton and m^ be deteonined by direct or indirect modes 
of action. 

O fher cellular protein targets, vAnch play a key role for celltilar processes, are the menibers of 
30 the Src kinase fainily. These kinases are iccqjlicated in eg cancer, imrnurTesjstondysfuriction 
and bone remodelling diseases. For general reviews, see Thomas and Brugge, Anna Rev. Cell 
Dev. BtoL (1997) 13, 513; Lawrence and Niu, PharmacoL Ther. (1998) 77, 81; Tatosyan and 
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Mzenina, Biochemistiy (Nfoscow) (2000) 65, 49; BoschdK et aL, I>t^ of the Future 2000, 
25(7), 717, (2000). 



Membos of ihe Sic fairfly inducte the foDov«ng nine kinoes in macnmals: Ssx:, Fyn, Yes, Fgp, 
5 Lyrv Hcl^ Lck; Blkand Yrk These are nonreceptor protein kinases that rangs in molecular 
mass frcm 52 to 62 kD. All ace diaractedzBdby a common structural organization that is 
Gonpised of six distinct functional domains: Src homology doman 4 CSBl), a unique d> 
maon, SH3 cbmain, SH2 domairv acatalytic domain (SHI), and a C-temninalregMlatoiy region 
(Tatosyan et aL Biochemistiy (Moscov^ 65, 49-58 POOO)). An aligimQit of the sequaices of 
10 said iiembeis of the Src family is ^veni^ AU sequences am humatv except Ydc 

\^^lkh is £iom chidoen. 



Src (amember of the Src kinase fatrtOj^ v/as the first Src family inember identified Its identir 
fication \vas due to the discovery of an oncpgenic variant, ' V-Src", in iiie genome of Rous 

15 sarcoma virus vAicti vw considered to be responsible for Ihe lapd erifTtion of tumors in 
animals infected wifh this avian retrovirus (f ove and Hanafusa, 1987. Cell transformation by 
the viral src oncogene Anna Rsv. CM BioL 2. 31-56.). Its cellular hamob& o-Src or Sic, is 
involved in ceJl division (probabfythrou^ interaction v«Lfh different gpowth factor receptors), 
as well as cell shape changes, adhesion and motility throu^ nidation of int^rin signalling 

20 and cytoskdetal architecture (Roche et aL, 1995, Science 269, 1567-9; Mao et aL, 1997, Onco- 
gene 15. 3083^0; PaiBons and Parsons, 1997, Curr. Opin- Cell BioL 2. 187-92; Abu-Ghazaleh 
et aL, 2001, Biochem, J. 2^ 255-64; Bdschesrjabbnski et aL, 2001, Oncogene ^ 1465-75; 
Avizienyte et aL, 2002, Nat. Gefl BioL 4, 632-638; Frame, 2002, BBAME 114-30; Kitagpm 
et aL, 2002, J. BioL Chsca 277, 366-71). 

25 

Furthemnoie, Src is involved in the replication of hepatitis B virus. The viially encoded tranr 
scription f actor HBx activates Src in a step required for propagation of the virus (Klein et aL, 
EMBO J., 18, 5019, (1999) andKleinet aL, MbLCelL BioL, 17, 6427 (1997)). 



30 



Because of its functions, a number of studies have innplicated Src in the generation ard/or 
progression of several types of cancer, induding breast, hepdOc, pancreatic and ovarian cancer 
and in particular several kinds of leukemia and lyrr^jhomas as well as colon cancer (Cartwri^ 
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et aL, 1990, Pioc Nad Acad Sd USA 558-62; Lynch et aL, 1993, LeukeraiaZ 1416-2^ 
Poiifis et aL, 1998, Gastroenteroilogjr m 1287-95; Frame, 2002, BBA ME 114-30; Tala- 
inoitti et aL, J. dia Invest., 91, 53 (1993); Lutz et aL, Biochem. Biopihys. Re& 243, 503 (1998); 
Rosen et aL, J. BioL Chem, 261, 13754 (1986); Bdenet aL, Proa Nafl. Acad SdL USA, 84, 
5 2251 (1987); MasaldetaL,Hepato CanoerRe&,76, 
61 (1999); Lynch et aL, Leukemia, 7, 1416 (1993)) and other disordeis. 

An iHiamhLgpaxJS Goiidatkm beti\i^ 

cancer has beai danonstrated (Talamosnti et aL, J. Oia Invest., 91, 53 (1993)). It was shown 
10 that there is a stiong positive cocrdationbetv^mlSIc activity and tumor progression from 
non-maligpant polyps tov\jaix]s invasive cancers and metastatk: fbcL Therefor^ activation of 
Src kinase in pdmaiy coksrecfcal carcinoma entails a poor clinical prognosis (Aligyyer et aL, 
2002, Cancer 2i/ 344-51). A reduced activation of Src in human cobn aod ovarian cancer 
cells \^ shown to reduce thar tumorigenidty, sug^sting that Src inhibitors couki have a 
15 potential as anti-cancer drugp (\Afiener et aL, CBn. Cancer Res., 5, 2164 (1999); Stale/ et aL, 
Cell Growth Diff ., 8, 269 (1997)). Cbton canra: is a comnon disease which leads to death in 
'-50% of tiie cases as a consequence of metastasis. Thus, thenq^eutic substances are highly 
desired for more successfd troatD^iertt stiai^^ of cobn cai^ 

20 Since Src and other Src family members (wiiich are involved in similar agnal transduction 
pathways as Src and reflect, therefore, a spectrum of functions within the cell \^Juch is quite 
siirilar to Src's pl^ological furtcticri) ace in^ disordeis, there is a 

bng lasting need in tte art for methods that albwto identify and characterise con:^unds 
modulating the activity of Src family menribers. While there are methods knownin the art that 

25 merely aDow to screen for conpotinds with binding affinity to Src family members, at this 
time no system e>dsts wiuch allows t) a) detect/identify conpotmd^ vAkh modulate the 
activity of D:iQnbas of the Src kinase family and b) distinguish betweai differait modes of 
action of identified coirpotirids, in particular betv\een d 

of the Src family, dfferent binding modes or the characteristic specificity of the identified test 
30 corr5X)und(s). 
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NefverOidesS/ such a systemic condusiQns about the effec- 

tiveness, mode of action and spedfidty of a test compound Furihenonote^ e^ainental le- 
sulls g^vii^ these conchsions aie of idmost iiii{X)rtancefQr furfiier leseaich activities directed 
to the use of a compound as a medicament for flie pievention or tEeatmsit of a disease or 
5 (£soider state, \^ilich is at least partial^ 

GonsequenSy, it is the otject of the piesent invention to providB methods for the identifica- 
tion of G0ir5X>unds (modulating tine function of Src kinase family menibeEs), by vsWch dis- 
criminatir^ dues are givm for the effecth^enes^ ite 
10 testcoix;xjundsi:ised 

According to the invention a cellular ass^ is provided, by which (i) an inducible expression of 
Src f amity kinases or Src family kinase rnuta^ 

effectiveness, node of action and flie spedfidty of a test compound towards Src f amfly 
IS kinoes is based on phenotype changes of the ceDs xspon contact vA&\ the test conpoiKid(s). 
The €)c6ent of siqptessfon of phenotype cha^ 

of tiie mefhod according to ttie inveitioa These phaiotype dianges can be qualitatively de- 
served with a microscope and/or can be quantified empb3ing various ass^foraiats. 

20 The presort invention relates in its first errfcodiment to a mefliod of identifying sdectir^ 
and/or characterizing a corrpound, vMch modulates the activity of at least one Src family 
Idnase, corrprisingthe steps of: 

(a) cultivating at least one cdl (or at least one cell line) containing at least one nur 
ddc add coding for a Src famify kinase or a mutated Src fan% kinase under 

25 suitable conditions, 

(b) expressing the nuddc add(s) in tiie cell(s) of step (a) under suitable condi- 
tions, 

(c) contacting the cell(s) of st^ (b ) with at least one test con^xDund and 

(c5 detennining \\iieftier the phenotype of the cdl(s) of step (c) is chan^ as 
30 compared with the phenotype of the cell(s) of step (b) \^i^erd:>y a difference in the 

phenotype indicates that said test oorrpovmd modulates the activity of at least one 
Src family kinase 
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"Src ferrity kinase" acooixfing to the invaitian means a proten tyrosine Idnase fdmi the Sic 
famifyandidafes to any inember of the Sec f anuly, indudingbut rot Hmibed to Sic, Yes, Fgr, 
Fytv Ldy Hd; Lyn, Blk and Yric Pnrfetabty, ihe Src fenraty kinases are vertebrate, in pardcur 
S lar znammalian Idnases (eg. horse, pig^ chicken, rat, mousa I^jman Sic fasraty kinase s- 
quaices are inost piefenBd 

"Malatfid Src family kinase" or "Sic femify kinase mutant" according to the invention means 
a Sic family kinase ^fAidx shows a chai^ in at least one amcno add Sudi a diar^ indudes 
10 anypossibk aliecationinlhe arrdno add sequence (caused eg by addition, ddedoiv substitu- 
tion etc.) andnKxSficatioaof amino add^ 

"Src" or "Sic kinase" accordingto the invention rdafces to fhe afonanottianed meafcer Sic of 
ihe Src famify: Hiis qjpJies conespondin^to "mutated Src" or "mutated Src Idnase". 

15 

"CoopDijnds" according to fhe inventkm idate to a^ 

znodiilate the activity of at least one Src feinily kinase or Sic family kinase nujtant, in particih 
lar they can dfher directly or indiredty modulate at least one Src family kinase or Sic f amity 
kinase mutant (direct or indirect Sic faniity kinase inhihitOEs). "CompourKi" maybe a small 

20 (organic) chemical entity, peptkte antiboctyor intrabotfymolecde that effect fhe function of 
at least one membo: of fhe Src family. Suitable corc^unds maybe selected from conpound 
coUedions or designed con^unds, for exairple tising combinatorial d^emistry. Preferably, 
the compound has a molecular v\e^t of less than 3000, more preferably of less than 1500 
Da "Gonpoxmd" m^be apeptide or a polypeptide, a modified peptide, eg a cyclic peptide 

25 or modified at the tenrinal end grotps, e.g with the introduction of a chbiomethjd kdone, 
aldehyde, or bororic add QX^vp at fhe GTenrintB or blocked at the N-tenriinus with a car- 
bobenzji gpoip, a ratuiaUy occurring substance or a conjugate 
two components. 

30 "Contacting" according to fhe invention means - in its broadest sense - any interaction be- 
tween the test con^wund with the Sic family Idnases or mutated Sic f amity kinases of the 
inventioiv \^inereby any of the tsm oorrponents maybe independentiy of each other in a liq^ 
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tdd phase, for exaixple in soliiit^ for 

exair^, in the fonn of an essentially 

like. 

5 The temi ^'contactingf' iroie specifically oorrpises any possibiHiy of inteiaction between a 
test conpound and a cell or cell line of the invention. A test GOir;x}und may be added to a 
cell or ceill line or a cdl or ceU Hne iiiay be added to a test 0^ 

The char^ of "pihenotype" acoordii^ to the invaition relates to any kind of observable 
10 char^, eg. change in/of cell viability cdl deafli (qx3pfcosis, necrosis), differentiatiarv mor- 
phobgy> niotiliiy m^abolisD\ |jas^ cdlidar pscolifeiatiooti and/or features of c^ 
eg gpo\vth in one^tv^o, three etc l^^^aggpeg^tic^ 
over a surface or a cidtUDe dish. 

15 In a preferred eodlxxliirient the cell(s) or the cell Hne of step (a) of the Dieti:K)d accordiiig to 
the inventbn exhibits the abiliiy to indudbty display a charactedstic phaiotype leflectirig the, 
preferably inducible, expression of at least one Srcfeznily kinase atid^ 
Src farnitykanas^ preferably a hypeiactL^ farnily kinase and/or a mutated 

Sic (axrify kinase. The9Dd:>y, the inventive method aDows to observe the phenofype of a cell 

20 beii^ iruiuced to (over)e)cpzess at least one Src kinase aii^ 
readout 

In aiKJther preferred erribodiment the cell of step (a) of the method according to the invenr 
tion exhibits the ability to identify a coirqx)undvN}Tich modulate the expression or activity of a 
25 Sic fair% Idnase or a mutated Sic family Idnase in the confer a Irving cdL Upon addition 
of a test corqxDund the "Sic-like" phenotype (as a result of the (over)expression of the Src 
family kinase) develops (no effect of the test corr^undon the induced eel) or the phaio- 
type shows upon addition of the test corr5X)und various degpees of devtatians from the "Src- 
like" phenotype (test coDqxDimd induces an effect on the cell). 

30 

In a further preferred oiibodimait the method of the invention gwes a due to the mode of 
action of test conpounds. Their mode of action m^ be direct or indirect, since the test com- 
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pound exert its in^t on the cdl via cfiiect binding to a Sec kinase or via indicect 
effects^ eg by intafair^ wlh the H5p90 ch^?aDiie systenv on the activlly of \\iiidipinper 
foldii^of Src kinases deperd. By ijsng kinase dead Sdc f amity kinoes it becomes possible to 
detennine \^dieOn£r these Gon^xsi^^ 
5 fly or by intsaction \^afli nosn catalytic domaiiis of a Src kinase or - by iiuiifict effects - af- 
fecting Src fok&igandexpcessioa 

In a further pr^eD:edeiiibodimait1}^ odlof st!q>(a)of Iheniethodaccordngto^ 
tion exhibits the abiHty to detaxnine the selectivity and/or spedfidty of a coirpound 

10 

According to the inventwnifc is preferred, that at least one, preferably tvw, moiepcefeiabfy 
three and most preferabty four of the properties {(i) 'Src-Kke" pihenotype, (iQ deteclability of 
tihe confound effect, (iii) cotKixision about the mode of actiorv (iv) sdectivily and specificity 
of the coiip>m<:5 are fulfilled by a iriefhodaooordiiig to the The number of the 

15 Src family kinase(s) and/oriiiutantsof theseSrcfaririlykinase(s) tobeti^ 

method of the invention in order to get information about the af orernentioned propertifis 
deperds on their charactedstlGS. E.g a\vildtypeSrcfainQyldnasev^gene^ 
formation pertaining to the properties (i) and (ii). A mutant of a Src kinase family metriber 
inay even additionally open access by its own to the mode of action of a test compound (ifi) 

20 (in other worcte direct or indirect effects of ttie test compound) and/or (iv) to the spedfio- 
ity/sdectivityof atest conpound Ho\Aever, acccnrfir^ to flie invention it ir^ 
to use (at least) two different Src family kinases and/or typically mutants of Src family kinases 
to retrieve inf ormatbn about the properties (iii) and (iv), respectively, of the oortpounds 
tested 

25 

In a preferred embodiment of the method acoorcBng to the present invention a wildtype Src 
family Idnase is i^sed and at least one further mutant Src family kinase. The mutant Src family 
kinase(s) used for the assay according to the invention may show mitfatians vsiiich lead to 
hyperactivated forms of a Src family kinase member inducing a very strong phenotype, to a 
30 kiriase dead mutartt Sic fairrily kinase inember(m and/orto aim- 

tant Src family kinase membo: "vsiucih allows to determine the spedfidty of active conqx^unids 
for specific Src family kinases. Additional mutants may be generated and used Ereferabfy 
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sing^ amino add substitutions ane used for gpi seating these See family kniase mutants. H^v^^ 
ever, the mutants m£Qr also be based on inserii^ 

'TOiiase dead'' Src faii%lflnase mutants are ty^^ 
S site, pr^erably in at least one consensus amino adci of a meo^ 
restdtii^ eg in an ^lishment of the bind^ 

mutant type"). Such a mutation leads to an inactive Sec family kinase. Neverthdess, any Sic 
family kinase mutant wth any ofl:^ mutation of a Src family kinase ©chibitingloss of ATP 
bindir^ inaybe suitable for use of a method accoiding to the inv^^ These "dead end" 
10 Sec family kinase mutants are pftefosb]^ veed as a Gontcol for the mode of action of a test 
connpoundSxjchaconbor'ldnase-dead' SrcfamilylidnasezriutantcanbeiBedtodistin^^ 
i^^ieiiher a test coixpound inhibits the Src family kinase adiviiy/ interacts wth noibcaialytic 
domains and functions or affects the folding and/or expasssion of the Src family kinase. 



Another pcefetxed ennibodiment of the method accoidit^g to the invention enpbys at least 
one Src f amity kinase mutant can be used to deteanine the spedfidty and bindii^ 
mode of a test compound ("spedfidty detem mi ing m utan t type"). This Src family kinase mu- 
tant according to the invsitionis encodedby anudac add (coding for a Src family Idnase) 
CQntainir^atleastonemutatiorv eg in the ATP binding site, pi^feiBblyby substitution of at 
least one amino aci4 vN^iidi acts as a spedfid^ 

member or the Src kinase f amity as such Preferably the mutant has a mutation within the 
ATP binding site, eg a deleticgy substitution or modification It is pirefeEted that the muta- 
tion relates to at least one arnirio add v^ch is characteristic for Src famity kinoes (andevere 
tually some other related tyrc>srne kinases) in contrast to otha: tyrosine kinases, e.g the mu- 
tant relates to a substttutbrv modification or deletion of a threonine in the ATP binding site, 
partictdarly T341 of Src or the anabgDus residues of the other Src famity member. However, 
any mutant of a Src family kinase member \Aith any other mutation exhibiting the described 
■property is also isable for carrying ovk a method according to invention Such a Src famity 
kinase mutant at a spedfidty determining residue affects the f oDowing A test corrpotmd 
30 binding to the ATP binding site and exhibiting a significant degree of spedfidty for a Src 
family kinase (wildtype) vwQl not bind v«ith hi^ affinity to said Src family kinase mutant. Con- 
sequently, the test corr5X)und \^ill not inhibit this Sic famity kinase mutant with a potency 
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coir5Wtab]e to a Src fetnily Undse (yMype). Howefva:, this Src famfy kinase mutant sho\^ 
vvildtype-like adiviiy (\^2ildiype or l:iQ(peractive kinase adbnty) and ihecefbce/ bofli ease indtetixb- 
guishable othetvvisa Thus, this Sic famity kinase mutant sSkyws to cteniune fiie binding 
mode and q^ecdfidty of a test conipoxjnd 

5 

Afurihor piefenrederiibodiiMrt of the method according to tiie invention en^ioys at least 
one Src family kinase mutant vAM\ causes an hyperactive form of a Src femity kinase ("hj^ 
paactivernutarittype'O.Stichairujtalioneg renders phodiorjiatian of an amino arid of tte 
regulatory residue in5X)sable, e.g at the (tyrosine) phosphoiylatian ate. The phosphorjdation 

10 of this amino add is necessary for s^diir^ aSrc farnilykbnase from an active mto fte inac- 
tive f oniL Since the ratio of phosphoij^tion/dq^hosphoijlation r^glates the inactive/active 
conformation of a Src family kinase, airuatatbrvivhichdoesnDtalbwtheSrcfanfl 
to bephosphorylateci leads to a perinanent arid constitutive activation and thus, to ahypetac- 
tive form of said Src family kinase. Thts, flhe binding of a test corr^joimd to ihis hyperactive 

15 Src family kinase mutant leads to acharacteristk: phenotype Ingaieral, an ass^accon 

the invention empbys preferably a Src family Idnase mutant, v\iiich cannot be phosphorjteted 
at the regulatory ate. Such a Src family kinase niutant according to the inventk^ 
coded by a nucleic add (coding for a Src family kinase) exhibiting a mutatioiy eg at the n^gur 
latory phosphorylation site, particulady conceming or involving the regtilatory tyrostn resid ue 

20 involved (vAhich may be substituted for another amino arid or deleted or modified). This 
phosphorjdation site is located in the caiboxy-tenninal tail of a Src family kinase v^ch con- 
trols the kinase activity. Nevertheless, anyofher mutation of aSrc family kinase leadirg to the 
described hypecactive form is errptoyable for amethod according to the present invention 

25 Another preferred embodiment of the method according to the invention eirpbys at least 
one Src family kinase mutant vshich leads (i) to ahyperactive fonnof aSrc family Idnase anc^, 
moreover, (ii) exhibits a mutation \Nhich aDov\s to determine the specificity and binding mode 
of a test corr^vmd ("double mutant type"). Typically such a Src family kinase mutant has at 
leasttvvonuitations, piBfecablyarnutatbnkadirigtoahyf^^ at 

30 least one spedfidtydelennirTing residue (mutations as oitiir^ Gonsequentiy, this Src 
family kinase mutant according to the invention can be encoded by a nucleic add (coding for 
aSrc family kinase) \^^ch corribines these rnutations. M3re paiedsety, a nuclac add oorrprisr 
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ing (i) at least one mutation at the legiilataiy (fyioane) phosphorylation site in the caiboxy- 
tmninal taO, s^jidattngliie ratio of inactive/active fonnof aSic fatdlyldn^, as described 
above^ and (ii) at least one oliier mutatioiv eg. in the ATP binding site, pcef erably by a stibstir 
tutiorv modification or ddetion of a threonine 
5 sent(s)aq>ecifidtydetemninantasdesajbedato 

This type of Src kinase fan%^meiriber "dotble'^ mutant maybe used for a method according 
to the invention in combination wflh at least one other tjpe of the aforementioned types of 
Src family kinase mutants (eg hyperactive mutant, kinase dead mutant and/or a specificity 

1 0 detamining mutant). In general, at least one, pief esably two, wore pr^erabty three and most 
pcefecabty four mutant types of the grotp of mutant types consisting of "kinase dead" mutant 
type, l^ipecactive mutant type, spedfidty detenniningmutarit type and doiible mutant iype, as 
disclosed above^ are used for method according to the invention Preferably, the method ac- 
cordii^ to the invention is earned out wiih at least the 'Idnase dead" mutant type (in other 

15 words cells e?q3ressing this mutant type) and the lyperactive mutant Iype, more preferably 
coiiibinedvvithodl expressing the spe^ In a further preferred 

embodimait of the mdhod of the present invention the method uses wt Src family kinase 
(cells expressing a wt Src family kinase) as a oontroL Another control may^be cdls not being 
induced by an inductor, e.g tetracydina 

20 

One preferable feature of the method accordir^ to the invention is the con^OTisan of the 
phenotype diar^ of the afore-mentioned Src family kinase mutarrt types vpon addition of a 
test compound 

25 In aprefened embodiment at least one, pcefasbly tv\o, three or four of the aforementioned 
characteristics are d^ectable by sdecting at least one, preferably tw, three or four or even 
more nucleic adds coding for a mutated Sic family Idnase from the gpoi^? consisting of SEQ 
ID NOs 1 to 4 (Sxc seqi^noes), SE Q ID NOs 5 to 8 (Yes sequences), SEQ ID NOs 9 to 12 
(Pgr sequences), SEQ ID NOs 13 to 16 (Fyn sequences), SEQ ID NOs 17 to 20 (Lck 

30 quenoes), SEQ ID NOs 21 to 24 (Hck seqiences), SEQ ID NOs 25 to 28 (Lyn sequences), 
SEQ ID NOs 29 to 32 (Blk sequences), and SEQ ID NOs 33 to 36 (Yric sequences). 
Therd^y, the method of the invention provides results for at least one of the abilities dis- 
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dosed above Themrfhodof fhe invatitton can be earned out 
listed above Pcefaabty the ix^^ 

quences for one of Ihe members of Src kinase fondly. However, any test con^und can be 
testedfor its p9X)perties against at least tv>oi^^ 
5 aforementioned Sec kinase sequences and ifs mutants) in order to identify and chacactedse 
potentiallyeffective test conpotm^ by the method of the invention 



Consequently/ in a pr^erifid ennt^^ 

a Src fanrty kinase or mutated Src family kinase directly or indirect^. Ftefecably, this cont- 
10 pound ihhihiis the a:livily of effect izediated by Ite 
kinase. 

''Modtdate'' ihe activity and/or the ex^^ 

kinase according to the mvention means to chang^^ decrease or inccease, inhibit or acfi- 
15 vate,partidly or coiipletdy their activity and/OT 

. Chan^ or nnodulation of ihe "activity of a Src family kinase or a mutated Src family rdates 
to anymodeof alteration residting in a change of the pi^^ 

iheirwentian-nnustnotbexjridersioodasalimit^^ of aSrcfaiifly 

20 kiriase or a mutated Src family kinase. 

'TDrrect inhibitors" directly bind to a domain of a Src family kinase or Src famfly kinase mu- 
tant. Those direct inhibitois mil most likdy bind to the kinase domairv espedaDy in the ATP 
binding pocket or the sdbstrate binding site Nevothdess, effects throxj^ binding of direct 
25 inhibitois to other sites or domains are also possible, since fheymay exert structural changes 
on e.g the substrate binding ate or ATP binding site or the mtry of the ATP binding site 
Direct inhibitois of the Src family kinase f amity are eg PPl-Chr., PP2 andSlJ6656. These 
direct inhibitois vsere also used in several e>q?erimenis according to the inverttion Their 
chemical structure is shown in Fig 9p. 

30 

"Indkect inhibitors'' do not inhibit the Src family Icnase or mutated Src family Idnase, itself 
but otho: oonponents, in particular proteins, involved in the signal transductions pathway or 
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f oldi^ or f ormalion of a Src family kinase. For exan^^le ihey inhibit the H5p90/Hsp70 diap- 
erarte system (St^bins et aL, 1997, GeJl fia 239-50; Youpg et aL, 2001, J. Ceil Bbl 15^ 267- 
73; Neckescs, 2002, Trends Molec Mad 8, S55-S61), vibose function is required for a correct 
folding of Sec family kinase (Whitesdl et aL, 1994, Pcoc NatL Acad ScL USA 2L 8324^8; Xu 
5 et aL, 1999, Ptoc. Nafi Acad ScL USA %, 109-14). If aSrc famity kinase is rrisfolded due to 
ihhihIticHi of this chq>eEOne madhineiy, it is quickly destined to pcoteasomal d^cadation re- 
sdting in a functional knock-<iQfwn of Sec f amity Indiiectinhihitocs for example are 

the compounds gddanam^dn, 17rAAG and radicicoil, kno\\aa to inhibit the (ATPase o£) 
Hsj^O, Tiviiose di^perone activity is requited for a pioper foldir^ of Sec family kinases 
10 (among other H5p90 clients). 

For the meiihod of the inveEition expressbn constructs can be gemated to enable stable and, 
if necessary, inducible e>cpEession of Sec family kinase^ and mutated Src family kinases, for 
example, the Sec family kinase mutants Src-KA, Src-TQ, Src-YF and Src-TQ/YF (abbievia- 
15 tions denote single letter amino addkode, for further infbrcnation see bdo\^^ in cdls, pEe- 
fenied in mannmalian cells. 

TheEefoie, in a pocefersed erribodiinent of Ihe inventkm the nucleic add vAicti codes for a 
mutatedSrc famitykinase is selected fEom Ihe gtotp consisting of SEQ ID NOs 1 to 4 

20 

These sequences relate to mutant daivatives of Src (member of the Src femfly, see above). 
Mbie precisely, they relate to the mutant derivatives Src-KA^ Src-TQ, Sic-YF and Src- 
TQ/YF of ihe Src wildfype expression construct that can be generated according to the inr 
ventioiL 

25 

In Src-KA lysine298 (K298) (or its anabgues of other Src family kinases) of himan Src has 
been mutated to alanine (A). IC298 is one of the oitical "corfiensus" amino acids in the ATP 
binding site of the tyrosine kinase domain of Src When K298 is mutated to A^ ATP bindng 
is dx)lidiedard the kiiiase is coirpletdy inactive The kiriase-inactive Src-KA inutant is used 
30 in one embodiment of this invention as a control for cou^trnd-mode-of-actiaa Com- 
pounds, vAidi have an effect on Src, Src-TQ, Src-YF or Src-TQ AT expressing cells due to 
direct inhibition of the lanase activity of Src shall not produce any effect in Src-KA expcessr 
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ing GeSs. Src-KA or its analogpes for other niaiibas of the Src family kinases leads to 
^Idiiase-dead Src'' andmakes it - in alni^ 

pounds viidx exat Ihor effect iJnoui^ i) inhibiiiQn of Sic kinase aciiviiy or ii) inteatactibn 
wtth Src's non-catalytic domains and functions or, indirectly/ affecting Src fbkfing and expoes- 
5 scax 

Any other mutation of a Src or other menibeiS of Ihe Src kinase f amity, vkisii produces the 
same rff ect as mutant Src-KA may be used instead of Src-KA in cwder to gpt the same con- 
chision as wlh Src-KA E.g Ihe niethod of lli^ 
10 kinase family mutant vioacti forms a 'Idnase^iead'' Src (e^ another mutation in the ATP 
binding site) asw^ 

InSrc-TQ thefhreonin^l (T341) (or its anabgues of other Src family kinases) of htiman 
Src is mutated to ^xotamine (Q) . T341 is an amino add at the ATP bincfing site, distin- 

15 giMiesSrc&milyldnasesandafevv'ofl^ielai^ 

tyroane kinases. Therefore^ Src-TQ albiAiS to determine the spedfidty of active, kinase- 
irihibitory con^xjtmds for Src and Src-like kinases. The SD-structure of Sic family kinases 
and related tyrosine kinases, like Abl, sihows that this threonine residue is a spedfidty deter- 
minant of these kinases far the binding of dasacal, specific inMbitats and is inpoitant for 

20 irihibitoi^kinase-interactions. For instance, the Abl iyrosine kinase inhibitor drug Gleeved© 
(Sn571; Novartis, Basel, Smtsedand) does not inhibit Abl-TQ, and the classical Src family 
kinase inhibitors PPl andPP2 do not inhibit Src family kiiiases\>iTen they ca 
tive TQ mutations. Conpoiinds that bind to the ATP binding site and vsWch exhibit a signifi- 
cant degpee of spedfidty for Src or Src family-related tyix)sine kinases will not bind v\ithhi^ 

25 affinity to Src-TQ and will consequentfynot inhibit its kinase with a potency connparable to 
(wildtype) Src. However, importantly, the Src-TQ mutation (or its anabgqes for oilier mem- 
hears of the Src kinase family does not changp the activity of a Sic wildlype or hyperactive 
kinase activity (Sic-YF) and, therefore, Src-TQ and Src (as wdl as the pair Src-YF and Src- 
TQ/YF) are indistingirishable othenAdse and do display the same activity and produce the 

30 same phenotype. Thus, the Src-TQ mutant or its anatogqes for other members of the Sic 
farnily kinases makes it possible to differentiate betwem candidate coiipounds with lespert 
to their binding mode and spedfidiy. 
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Other mutanls (mutatiDns at oflha: posiiion of the wildtype) of mentes of flie Src f atrily 
may have tte same pioperties ardfuncBotnal charac^^ as Src-TQ and m^ be used ac- 
coixfc:^ to ihe imoitian as 

5 

IhSrc-YF flietytosiiie530 (Y530) (Qriteanabgues of ofterSicfairulykirT^ 
catedinihe (adx>>y-tairdii^ tail of Src, is mtitaied to pihen)^a]ani^ (F) resulting in a hypep- 
active fomiof Src For abetter undastanding of ftis efiEect, it is necessary to know that Sec 
family kinases consist of different domains^ as above-mentioned These domains wodc to- 
10 gpfher to generate a ti^tiy regplated protein tyrosine Idnase: Src is corr5X)sed of an N 
temnnal sequence responsible for membrane-attachment foDo\wed by a unique re^rv a 
kinase domain (Src tomology domain 1 (SHI)), connect 

that binds jdiosphotyrosire^xsitainir^ sequences (SH2), f oDov>€d by a domain that binds 
proline-rich motif s (SK3) and finaUy a caibo>gr-teninnal tail containing a regq^ 

15 j^iDsphor53atLon site (Y530). The kinase activity of Src is mainly controlled by this C-temdnal 
tyrosine: When it is phosphorjiated (by ariotherl^ called Gsk) pY530 binds to the Src- 
SH2 domain leading to a "closed'', inactive conformation of Src vAich is further stabilized by 
the intramolecular interaction of the SH3 domain with a sequence in the kinase-SH2-]inker. 
In a non-transfomied intact cell ihere is usually a balance between the active and the inactive 

20 conformation of Src (vsiiich is detemnined by other kinases and phosphatases responsible for 
phosphorjdation and dephosphorjiation of Y530) \Nifh the mqority of the \Mldtype Src pro- 
tein normally existing in the inactive form. When Y530 is mutated to F (as in Y530F), Src-YF 
cannot be phosphorjdated at this position resulting in a constitutively active (hyperactive) Src 
mutant. Besides displajmg a hi^ier kinase activity level, Src-YF is qualitatively coirq^arable 

25 with Src with regprd to localization and protein-protein interactiorv because it does not con- 
tain arr^ additional mutations, like v-Src. 

Sic-YF or its analogues for other members of the Src family kinases leads to a hyperactive Src 
kinase and its expression induces a characteristic phenotype. Other mutants (mutations at 
30 other position of the wildtype) of members of the Src family may have the same properties 
and fijnctiorial characteristics as Src-YF and may be u^ 



wo 2005/059168 



PCT/EP2004/053321 



16 

Src-TQ/YF (oriteanatoguesfbrothornifim^^ 

(Src-YFHiteadivayandhasaD^^ ate (see also Src-TQ as ec- 

plained above) in addilipn to the YF-mulatioa In a dtect oonjjarison wifli Src-YF, Sic- 
TQ/VF or its anabgpes for oi]ier nmibeis of ih^ 
S specificity of active, kfaiaseMiibitocy coii^unds far Sic andSic-like kinases. Furthamor^ it 
aOoTAs to e)«ixjde an indiiect mode of action of a coir^pound bioug^ about by an inhibitor of 
adoivnstieamagnallingniedialDrof Sic. Ot]:^ mutants (mut^ 
wildtype) of mecii>eis of the Sic kinase family have the same pDOperties and functional 
characteristics as Src-TQ/YF andmaybeijsedaccordingtoflieinventianasi^ 

10 

In GOiKibsbiv ceUuIar assa}s according to tte 

in vitro assa^ based on a purified pcotdrv viich are more commonly used for screening 
purposes, since a test confound vM. only be effective, if it (i) is able to pass the plasma 
mercibiane of cellS/ lAiiich is a pjcerequi^ for a drug (not testable in in vitro assays), (ii) is not 
IS chemLcaDy modified or degraded by any of the enqmes in the intiscelhilar or extiacdhilar 
milieu, (iii) is sdective enough to specifically bind to the tsr^ protjean, v^di represents just 
one out of > 10^ (ffierent proteins present in a typM 

unarribiguot© biob^cal effect, which lesiiis ficom its specific effect on the targi^ WiiaBas 
features (i) - (iii) are features of cdB.-based assays in general, (iv) is provided for by 

20 tive, positive and spedfidiy^relaied controls included in the special integpaled set-xp of ftie 
cell-based ass^ jdatform of Ihe invention. FurthennDre, any conpound-induced effect, 
vMch is not related to a (direct or indirect) inWbitfon of Src family kinases, like general nore 
target ^)ecific toxicity or any other striking side effect on aliving cell, preferably a Kving hu- 
man cell, of this inverition can be distinguished from target-specific effects mediated via (d- 

25 lect or indiiect) inhibition of Src family kinases by virtue of the indudbility of the targpt ©c- 
pscession in the cdb or cell lines of this invention 

Therefore, two levels of the specificity of a coir^und according to the invention can be dis- 
tinguished {a) a specificity with regard to ^neral target-indeperuient side effects and toxkity 
30 and (b) a spedfidty vdfh reg^ to sdectivity in binding to Src family and closely related 
kinases as opposed to non-selective bixuing Particiilady, the method according to the invenr 
tion using mutated Sic family kinases aUows to distingqishbetv^een different modes of action 
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of oQn^tindS/ including diect/indiiect dEf ects on Sec f aitiDy kinoes as vvdl as binding mode 
and spedfidty of c&ect Sic ibs^-kin^ inhibitois. 

The nudac add codfcig for a kinase of 
5 invenlioncanbe contained in a wctnr, 

A "wdoi" according to the invention is an entity \siiich is c^^able of bang infioduced or of 
intEodudng the proteins and/or nudeic add into a cdL It is pafifened that the Src f amity 
kinases or mutated Sec f anuly kinases encoded by the inttx)duced nudeic add of the invention 
10 aree)9iessedvvithintheceUi5X>nint^^ The vector can exist separatdy 

in fite cdl or can be int^giBted into the gemme of ihe cd^ 

In a pn^ferted embodiment the vector of the ptesent invention coupdses pJasmids, 
ph^jsmids, phages, cosmids, artificial mammallian ditomosomes^ knock-out or knock-in conr 

15 structs, vinjse^ in particular adenovirus, vacdnia virus, lentivirus (Chang LJ. andG^ E£. 
(2001) Cutr. Gaie Thecap 1:237-251), Herpes simplex virus (HSV-1, Cadezoiv WA et aL 
(2000) Crit. Rev. NeutobioL), bactflovinis, retioviius, adeno-assodatedwus (AAV, Carter, 
P J. and Samulskd, KJ. (2000) J. MoL Med 617-27), diinovirus, himan immune deficiency 
virus (HIV), filovirus and engineered versions thereof (see, for examfte, Cobinger G. P. et al 

20 (2001) Nat. BiotechnoL 19:225-30), virosomes, ''nated'' DNA liposomes, and nucleic add 
coated partides, in particular gpld spheres. Farticulady prrfeued are viial vectors like adeno- 
viial vectors or retroviral vectors (lindemann et aL (1997) MdL Med 3:466-76 andSpringa: 
et aL (1998) MbL CdL 2:549-58). liposomes aie usually small unilamellar or multilamellar 
veades made of neutral cationic and/or anionic lipids, for exarr^le, by ultrasound treatment 

25 of IqxDSomal suspensions. The DNA caiv for exanple, be ionically bound to the surface of 
theUposoiriesorinteniaUyericbsedinfheK^^ SiitableHpidrrixturesarekno\vninfhe 
art and corrprise, for exarrple, cholesterol, phospholipide like, for exairple, phosphatic^cho- 
lin (PQ, phosphatidyiserin (PS) and the like, DOTMA (1, 2-Diole3Jo5qprop)i-3- 
trirriefh)darnriioiuimbrornid) and DPOE (Dioleo)iphoqiiati(^tohanol^^ v\*uch both 

30 have been used on a vanefy of cell lines. 
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A largp nurr^Der of spedali^ 

those equable of lepfication in E. cx)K such ^fe example, pBI022,Q3lEl,pS^ 
184v piVX). Si2ch pilasonds are, for exan^, disclosed by SairbzDoli^ J. et aL (Iii: Molecular 
Ooxnn^ A Laboocatoiy Maraal; 2nd Ed, Gold Spdng Haibor Fcess, Gold SpoDg Haxbor, 
5 N.Y. (1989)). Sanribiool!^ J. et aL, herein inooiporafed by reference, provide areviewof ihe 
charactedslics of mannmalian vector 

For e>^xDessbn in mammalian ceD^ ei^^ 

vector and then siibcloned into a vector suitable for eukaiy3tic expression or, poefeiably, ex- 
10 pressed by a one st^ process. This, abhou^ many vectors have been described that are 
capable of repeating in both prokaryotic and eukaryotic oeHs, such vectors are designed to 
express a particular inserted polynucleotide in only one class of cell Such vectors aie iltu^- 
trafed, eg by U.S. Pat No. 4,970,155 (Dosinsld, G. F.), which describes aprokaryotic pla&- 
mid that contains dkaayotic transcription and replication dements, such that an inserted 
15 polynucleotide can be esqjafissed only in a eukaryotic ceJL SamOariy, U5. Pat. No. 5,266,490 
(Davis, S. et aL) describes an e)q3s?ession vector ttiat 00^ 

eukaryotic tcanscriptianurut of the eady immediate luniian cytomegalovirus (CMV) promoter 
legbrv andagerieric polylinker andanSV40 spKce/polyadenjjationsite. The vector also conr 
tains a pBR322 origjn of replication and an antibbtic resistance ^ne under control of a pro- 
20 karyotic promoter. 

Also known are vectors that are capable of expressing an inserted gme in both prokaryotic 
arxi eukarjotic cells wthout any requirement to modify the vector or redone the inserted 
gene. He, B. et aL (Gene 164: 75-79 (1995) described expression vectors that direct the synr 

25 thesis of proteins from a common set of signals in both prokaryotic and eukaryotic ceDs. To 
allow transcription from a common promoter ihe vectors rdy vpon a phage RNA poly- 
merase To direct initiation of translation to the same start codon the vectors utilize an inter- 
nal ribosorne ertbcy site from encephatoirtyocardi^ virus that has been modified to inducfe a 
prokaryotic rib osoine-hindirTg site at an qjpiopriate distance tpstream from the desired start 

30 codon. Mole, S. E. et aL (Nud AckJs Res. 15: 9090 (1987) describe pSEMCatRl, a prokary- 
otic-eiikaryotic shuttle vector coccqjatible with pUR and lambda gtll expression systems. 
KaeHer, R et aL (DD 206791) discuss a hybrid ©qjressicn vector v\hich con 
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and ed<ai30tk ccxibol units 

M A (Strai^^es 558^1 (1992) ctescribes the Strafaga^) v\iuchis d> 

tended to be statable for gene e^qscession in both jxokat30tes and eukaryotes. Hoi^cive:, 
genes cloned into pBK-CMV ate e>qses5ed ontyir^ffideniityin eukarjiotic cdb. 

5 

^"E^qnession vectors'' 

dating Ihe expression of a nudeic add Frefenede^^asssionvQcfDisacGO 

tion are eg pcDNM/TO, PdDNA3-daivatives, pcDNA5/TO. Furlha: exarrqies are 

pGene/VS-Hs, pVg RXR andpINEMbased inducible expresaon vectois 

10 

For the expression constructs according to the inventioiv the pcDNA4/rO (InvitEOgearv 
CarM)ad CA, USA) can be diosen as a pref etred expcession vector. This vector carries a tet- 
operator sequence enabling tetcac5dine (tet>iiducible ©qrossion in cdls, pref aably mam- 
maHan cells^ of the deazed transgene, viyose nucleic addr cDNA^ has been doned into its 

1 5 pol)dinker. The vector also contains a 2Bodn reastance gene vAich aSovis sdection for stably 
tcansfededcdls with the antibiotic zeodn (2eo). In various esqTedments of fhe invention, the 
human Sic cDNA Vk?as doned (directed) into the E coRI restriction site of the vector's pofy^ 
linker.In a prefened embodimQit the ejqpnession of the nudeic arid of the e)^Hession con- 
struct is induced by addirig tetracycline. Preferably, the indtmiejqjresaoncaiBes an ove^ 

20 piBssionof thenucMcacidinfhetransfectedcdls. 

In a prefened embodiment, the cell according to the invention is a cell line 

In another preferred embodiinent the cell is an eukaryotic celt preferably a vatebrate cdl, 
25 more preferably a mammalian cell, most preferably a human cdL 

In a further preferied enibodiinertt the cell or cell line to 

to the invention is (a) an immortalised cell/cdl line or (b) a tumor cell/cell line or (c) a fymr 
phoid cdl/ cell line For exanple, a cell or cell line to be used is a 32 Dar B AF cell (lyn^ihoic^; 
30 HL^O, K-562 or other leukaeiria cdls/cell lines; HCril6, HCT-IS, HT-29 or other colon 
carcinoma cells/cell lines; SKOV-3, OVCAR-3, OVCAR-4, OVCAR^, OVCAR-S or oti:ier 
ovarian carcinoma cells/cell lines or epithelial ceU/cdl lines like HeLa, HEK 293. 
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In one partictflady pscef erred ennbodiinent tte e?qpripssinn constructs vxxe ttansfected in ftie 
"293/TREx'' ceLHina This cdl line is derived frora tine hti^^ 

cell line "HEK293'', vAMi is wicfely ijsed in many laboratories. Its epifheM nature, vAich it 
5 shares with most (solic^ cancers makes it an ^jpropriate and relevant celkdar system in the 
area of oncology: 293 /TREx cells are pa?ef ared, because titey aie cdls v\Jiich stably express a 
so-called tet-repressor proteirv vMdh is able to block expression from a tet-opoator- 
containirig expression plasmid, eg pcDNM/TO. Whai tet is added to the cells, it binds to 
the repressor, vsiiich changes the repaessor conformation resulting in its release from the tet- 
10 operatxir and onset of e?qxDessiorv tjpicaDy overeqpocessiorL Those cdls can be cultivated in 
the presence of the antibiotic blastiddin in order to keep the selection pressure on nqxcessor 
e)q3ressi0n. 

In general accordipg to the inventioiv arTjrsjstem\\iiiich aDo\\s to express or more preferably 
15 to overexpress the target pDOtein(s), eg kinases of the Src family or their mutants, preferably 
in an inducible form, is pref erabfy errpbyed to perform the method according to the inverv 
tion As disctosed above the induction of the system is generally achieved by pro- 
moter/repressor corrdbinatians of the expression vector. While there aie a nurrber of mecha- 
nisms kiowi in the art to svvttdi on gene 
20 (eg heat diockindtctiori), Vkhidiinaybe errptoyed f or the presatt inventiorv it is preferred 
to induce the sjystenby addrtion of substances v\*udv eig: deactivate the represstonof ^ne 
transaiption or induce e^qjcession by other mechanisms, like tetracycline, mifepristone, po- 
nasteixsneA or mutisteroneA. 

25 According to another preferred embodimaTt the phenotype change is determined by qualita- 
tive and/or quantitative analysis. 

In a partictilady pa^^ecred erribodiment tiie phenotype change is detemnned by assessing one 
or more parameters of the oeDular phenotype, eg the viability, cell death rate, gpowfhproper- 
30 ties, proliferation, vpcm contacting a con^und to be tested with the cells or cdl lir^ accord- 
ing to a rnelhod of the inwentioa The phenotype patame are measured and compared 
with the phenotype (e g viability or any other parameter) of said cdl before addition of the 
conpounci viiexAsy a dififeraice in the phenotype (e g viability or ary otiier other parameter) 
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of said ceU indcates that the cQn^imd to be tested wodiMes ^ adiviiy of a Src ianoSiy 
Idnase; 

A qualitative anatysis as \vell as the cfetanunation of changes in tiie cdlular piienotype/ &g 
5 viability, according to the invention can be cani^ 

miaosGope) of the cell Thereby/ pardculaify the geU znoif^lpgy/ gtovvih charactedstics 
and/or distnbidion of the ceDs wifii and wiihout addition of the test conpound are scndi- 
nized This aDows to get qualifative and semlKjuantitative inf omiation &\e effects of 
test coizipounds based onabiologjycal xeadout (phenotype), v>iiich results from the activity (or 
10 eg sL^ppcessbn of activity inducedby a test oonpounc^ of Src family kinase and mutated Sic 
fairily kinase in a tcansf ected ceU (as confTaoted to the phenotype without addition of the test 
Gonpounc^. Control etperiments tising tiansfected ceDs, vMdi are not tri^eied to overex- 
ptess the Src kinases or their mutants, ate pDefetably aanpib)^ (either wi£h additiDn of the 
test compoimdor wlthotit the addition of atest cDn^unc^ to avdd any artefacts. 

15 

A quantitative analysis as as the deterainatlan of changes in the phenotype according to 
the invention can be measured by several methods and variots parameters. The oonplex 
phenotypes that can be observed vpon Src famDy kinase/ Src family kinase mutant induction 
according to the invention, may include changes in e.g 1) viability, proliferation, 3) cdl 
20 death and 4) morphology/ gDOwth properties (evenly distributed, aggpeffltrng). These changes 
can be quantitativdy detemiined by using reference ineasurern^^ cakxdate 
reference values. 

A number of assays or sjstems for the measurement of these parameters are known in the 
25 art. Some of these measuremaits are specified by the v\eb pages 
wv>Av:pronneg3.coirv^tbs/ce[^pro]if.htm or \\7ww:biocheraroche.coirL In general, the final 
readoiats can be cobrimetric- (ie absorbance-), Itaninescence- or fkioiescence-based 

Some of these knownmethods are mentionedin the folbvving 

30 

Cdl Viability rtTethodq 

Most viability assays are based on tiie measixement of either 
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a) Metabolic activiiy or 

b) Gdl inBxibiane integrity. 

a) Metabolic acthoty is iBiBlIy dd?^^ 

5 MTT, XTT, \AST-1, MTS, wiuch are cleaved into a waler-soltbH cobied fonrazan 
product by nietabolicaily active oeIl& Kits to pofonnsuch ass^ are available fonzicomr 
panies like Roche (Basd, Svitzedandi, Promeg^ (Miadisotv WI, USA) and many othecs. 
As an example, in the ''Gdirite9t96 AQueous One Solution Cell Ftolifeiation Assay 
(MOTS)'' bxym Pcomegc^ the cobxed formazan product of the bioieduced tetcazolium 
10 oon^wund MTS (3-(4,5-din^)4thia2Dl-2-3d)-5-(3-c^^ 

suIfop!hen54)-2H-tetrazD]ium) can be quantitatively deteded at the \^^vetengfr 
(absorbance) in a plate leada:. 

Another method is based on the ability of viable cells to convert a redox (resazutiii) 
IS intoafluoi]escentendpioduct(resoni£m). Viable cdlsietain the sbilily to reduce lesazth 
lin to resoaifirv vhssxss nonviable/ dead cells lapsdly loose metabolic capacity, do not 
reduce the indicator c^, and tht© do not ^nerate a fluorescent signal This method is 
eirpbyed by the "CellTitep-Blue™ Assay'' from Promeg^. ResiiUs obtained by the above 
described assaj® ate further described in the exanples* 

20 

The ATP status of cells can also be analyzed by homogenous assay types and provides for 
a quantitative rneasure of cdlxdareriergycapadtyari^ Several corr^^aniesinr 

dudingPeddn Ehner (Wellesley, MA, USA) or Promeg^ provide kits for such assays. Kb- 
sdts obtained by using the "CelTiter-Gb Lunninescent Cdl \^aMiiy Ass^' (Ptomeg^) 
25 are discussed in the exarcples. 

b) In hedfhy cells \vifhi3r«)rrpx)rnisedplasmarri^^ 

are excluded wMe dead or dying/damaged cells are stained and can be counted Leaky cy- 
toplasmic membranes as a measure for bss of cdl viability can also be ddecfed by meas- 
30 uring the release of molecules, like lactate dehydrogenase (LDH) or ^Cr from dying cdls 
into the culture medium 
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rvn Pmlif mtion Meftinds 
\AMe Ihe cdl viabiUty ]^ 

detenr&ne ceU paxdif aatioiv fhe most pcomhiertt and accurate paratr^tet for anal3CTig cdl 
pix>lif etation is Ihe m^^^ 
5 intumisapo^rcqinsiiefbr cellpro LabdedDNApiecuisois^Ike^li^^ 

5-biomo-2'KtoxyEidine (BrdU), are added to the odDs andihek incoiporationi^ geroinic 
DNA is quantified f oDomng inctbatbn and sample piep a ratbn. The amount of incorpoiated 
label is psxipardonal to ftie zaie of cell division (pDoHferatioi^. ^thynMne^ BidU andassajr 
kits iising Ihese madoos aiB available Biosdonces 
10 (Franldin Lanes, NF,IJS^. 

Inditect measurements of pirolif eration include Wesfcecnrbbt-or ELISAbased protein analysis 
of molectdes -by quantity or activity- v^Jiich regqlate the cell cjde, Kke cydin-dq)endent 
kinases. 

15 

CeU Death 

There are two mqor ways a cell can die: Necrosis or ^x>ptosis (ie. programmed cefl death). 
For both piX)cesses, and to distinguish these tv>o processes^ there is anucriber of various assay 
types available, including DNA-fcagfnentation- (so-called "TUNEL"-) assays, westemrbbt- 

20 or EUSA-based analysis of active caspases, wWch are the e9Gecutianer proteases of the ^p- 
tosis pathways, or their cleavage products (like PARP), AnnexinV staining of translocated, 
outer membrane-exposed plu)sphatid0serine, time-course-c3ependfint ATP determinalions, 
determination of the proteolytic activity of one or more caspases and intracellular staining 
wthDNA-bindii^dyes. Marty' coiripardes provide coir^x^mds or kits for su^ 

25 ing Roche (Basel, SwLtzerlanc^, Alexis Corp. (Lausen, Swtt23edan!cl), limitech (Montreal, CA), 
Promega, Peddn Elmer, Molecular Probes and others. 

Cell morphology" and growth characteristics 

Those are difficult-to-quantify parameters. This aspect of the phenotype changes is obvious 
30 wtei examined by eye/microscope: Nevertheless, the evaluation of phenotype changes by 
eye can suffo: from being i) inherently siabjective, ii) qualitative or semi-quantitative instead of 
quantitative, iii) unsuitable for medium- or hi^ throu^iput screening of compounds. 
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A quantitative evaluatiQn can be lealizedby tee of appmpdate live cdl image do^^iyas soft- 
wse appScaSiaDS, ^ is eg avaolable from Wbm System GnibH (Pudihairv Gemoars^, 
use special algond^ 

S tivdy leOectiiigindividual odl morphobgy and overall growth pax>perty changes. To meet fte 
lequiiaxients of a hi^ throti^:^ screening a person skilled in the art can combine a stat- 
able im^ ainaiyiss progpam vviih a fu]tymotc^^ such a setip can automaii- 
caDy lecQDd and aoaiyze images of each of a mlcroiiter plate tran^orming them into 
quantitative parameters. Spedal features, like anincubatoD^qu^Tpedm sta^, \^^hkh 
10 coiitrolstennpeiratureandGOsIevd^albi^ 
notypic changes. 

The invention also relates to a conpoundor a phannaceutically accq^tsble dedvath^ therra 
idendfieci selected and/or characterized by a method of the inventioa Preferably, this comr 
1 5 pound is obtained or obtainable by a method of the inventian. Pref erablyj this conpound is 
suitable for the treatment of diseases, iNhidiareatleastinpartcausedbyaSrcfamilyl^^ 

A "pharmaceuticailly acceptable derivative" of a con^tmd according to the invention relates 
to any non-toxic salt, ester, salt of an ester or other derivative of a conpound of this inven- 
20 tion that, vpon admiiustratian to a recipient, is capable of providing either directly or indi- 
redfy, a compotind of this invention or an inhibitorily active metabolite or residue thereof. 
Flharcnaceutically acceptable salts of the compounds of this invention include those derived 
fromphamnaceutically acceptable inorgpnic andorg^c adds and bases. 

25 'T)iseases, v^ch are at least in part caused by aSrc family kinase'' accordingto the invention 
mean arty diseases or other ddeterious condition in which at le^ one Src family kinase is 
knownor will be known to play a role. Accordin^y the corr^unds of the invention are use- 
ful for treating diseases or conditions that are known to be affected by the activity of one or 
more Src-family kinases. 

30 

The invention also rdates to the use of a conpourd o^ 

tive thereof according to the invention for the production of a medicament for the treatment 
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of diseases, viidcieae at ]e3BltmjBA 

calcaiua^ restenosis, osteoporosis^ osteoarthtidS/ s^ymptoiiiatic treatment of bone metastasis, 
iheiimatoid arthritis^ inflammatoiy bowd disease multiple sdetosis, psodasisy hjpos, ffaSt vs. 
host disease, T-ceU mediated hypersensitivity disease, Hashimoto's fInycoicStis, GuillainrBaiie 
5 syndrome, chronic obtructive puhnonary disorder, contact dermatitis, P^|St*s disease, asthma 
ischemic or zi^Terfusion ir^'isy, allergic disease^ atopic dermatitis or aDergyc ihinitis. 

Furthermore, the inverttion also id^ 

diseases (or for mantif acturing drug^ for the tieatriient of diseases), vshich ace at least in part 
10 caused by aSic familykmaseconpdsingacoriipoxindor a |iiarrnaceutically ^ceptable 
rivative thereof identified, sdected anjd/or characted^ 

phaimaceutically acceptable rarrier, ac^uvant or vehicle. Preferably, these diseases indude 
cancer, hypercalcemia, restenosis, osteoporosis, osteoarEhritis, syrrptomatic tceatmoit of bone 
mdssta^, iheumatoid arthritis^ inflammatory bo^ disease^ multiple sderosis^ psodasis, 
1 5 Itpus, graft vs. host disease, T-cell mediated hyperser^itivity disease, Hashimoto's ihyroidiiis, 
GufllainrBane syndrome, chronic obtructive pulmonaiy disorder, contact dermatitis, Paget's 
disease, asthma, ischemic or rq?eifusion ir^'toy, allergic disease, atopic dermatitis or allergic 
rhinitis. 

20 Preferably, the con^unds and/or pharmaceutical conpositions according to the invoitian 
or identified by meihocfe according to ftie invention are administered for the treatnnent of 
various forms of norwolid ardi soM cancers. Exanples for cancers \\hich can be treated by 
the cQcrqx^undsartd/or pharmaceutical coiripositioiBacc^ 

lymjJioma, non-Hod^dn lyii^^homa, histocytic lymphoma, cancers of the brain (^oblas- 
25 tomas), ovariarv ^nitourinary tract, colon, liver, colorectal tract, pancreas, breast, prostate, 
lyrr^Aiatic system, stomadv larynx and lung including lung adenocarcinoma and small cell 
lung cancer and/or skin, eg melanoma or nonrmelanoma sikin cancer, including basal cell 
arid squamotB cell carcinomas. 

30 A "pharmaceuticaEy acceptable carrier, asc^xavant, or vehicle" according to the inventfon refers 
to a non-toxic carrier, ad^vsmnt or vehide that does mt destroy the pharmacobgical activity 
of the compoiHid wthwhichit is fomuilated Phamnaceutlcally accq^table carriers, ac^'uvants 
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or vehicles lhat maybe teed in ftte cx)n^x)atLQns of this invention indude, bttt acerot Hmited 
to, ioon exchangsxS/ alumina ahsinnum sieaiate/ ledfhirv serum pcotanS/ sixh as human se- 
rumalbumiiv buffer substances such as phosphates^ ^^dne^ sorbic adct potassium sotbate^ 
partial §ycedde mixtures of saturated vegetable fatty adck, \ivater, salts or electcofytes, such as 
5 piotamine sulfate^, disodium hydcogen phosphate, potassium h^/diogen phosjiiate, socfium 
cHodde, zinc saHts, ooBoaM silica, m^ineaum tnsilicat^ polyviti^ pytxoUdone, cdhilose- 
based substances, polj/etii^tene §yco], sodium caibo?gmeth)icellulose, pyJyacr^lates, \mes, 
pol3^3tee-po]50>q^pa>p5i^^ potyetihjtene glycd and wod fet. 

10 The pliannaceutical compositians of the 

ertfecalfy, by irihalaticMi spcay, topically, rectally, nasaUy, buccally, vagjnalfyor via an izxplanted 
reservoir. 

The tenn "paieiteral" as used hecein includes subcutaneous, intravenous, intramuscular, in- 
IS tra-articular, intra-synovial, intrastemal, intrathecal, intrahepatic, intralesional and intracranial 
infection (»: infusion techniques. Pteferabty, the coir;x)sitbns ace administered orally, intrap- 
edtoneally or intravenously. Sterile ir^'ectable f oniB of the compositions of this invention may 
be aqueous or oleagrnotB suspensioa These suspaiaons may be formulated according to 
techniques knom\ in the art uang suitable dispecang or wettir^ agents and suspaiding 
20 agents. The sterile injectable preparation may also be a sterile injectable solution or stspen- 
sion in a non-toxic parenterally^cqrtable diluent or solvent, for exan^ie as a solution in 1^- 
butanedioL Among the acceptable vehicles and solvents that may be en^loyed are water. 
Ringer's solution and isotonic sodium chbride solution In additioiy sterile, fixed oils are 
conventionally employed as asolvent or suspending medium. * 

25 

For this purpose, any bland fixed oil may be emplo)ied including synthetic mono- or di- 
^ycerides. Fatty adcb, such as oleic add arid its glyceride derivatives are loseM in the pr^^ 
tian of ir^'ectables, as are natural pharmaceuticallyaoceptable oils, such as olive oil or castor 
oil, espedaUy in their poljo^g^jfeted vera 
30 contain a long^hain alcohol diluent or dispersant, such as carboxjmethjd cellulose or similar 
dispersing agents that are commonly used in the formulation of pharmaceutically acceptable 
dosage forrns indtjding emulsions and suspensions. O 
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es Tweens, Spans and ottier anulsi^di^ dgenis or bioavailability ehhanoecs vAmii are com- 
manly vised in Ihe manufacture of pham:iaceiilicatlly acG^Tts^ sdUd, Hquici or oiher dos^ 
foims may also be ised for the puiposes of fomiulat^ 

5 Thepihamiaceuticany acx:q7^ Gon[;x)altiQns of tiiis invention maybe oraUy administeiBdin 
ary oialty acceptable dosa^ form including but not Hmiied to, capsule^ tablets, aqueous 
stspaisions or solutions. In ftie c^ of tablets for oral vse, cacdas conimonly used include 
lactose and com starch. Ltbricatir^ agents, such as magnesium steaiate, ane also typicalty 
added For oral administcation in a cq?sule f omcv X£eful dluents include lactose and dried 
10 cornstarch IMnenaqueoxissusperisions are leqiriied for oral 

bined \vift\ emulsifying and suspending agents If desared, certain sweeteniiig flavouring or 
colouring agents may also be added 

AlfBcnativeLy, the phamciaceuticaEy acceptable coir^x>sitiGns of this invention m^be adminisp 
1 5 teted in the form of st^^positories for rectal administratiaa These can be prepared by mixing 
the agent with a sdtablenorv-irdtatingexclpient lhat is solid at room temperature but liquid at 
rectal terrpeiatuce and therefore wll melt in the rectum to rdease the drpg^ Stich materials 
include cocoa butter, beeswax and polyethylene glycols. 

20 The piharmaceutically acceptable con5X>sitions of this invention imy also be adminisfcered 
topically, especially vhesn the target of treatment includes are^ or organs readily accessible by 
topical ^jplicatiorv including diseases of the eye, the skin, or the lower intestinal tract. Suit- 
able topical formulations are readily prepared for each of these areas or organs. 

25 Topical ^plication for the lower intestinal tract can be effected in a rectal stppository f ormur 
laiion (see above) or in a statable enema formulation. Topically-transdermal patches may also 
be used 

For topical ^jpHcations, the pharmaceutLcalLy accq?table coirpositions maybe formulated in 
30 a siitable ointment containing tihe active corr^^nent suspended or dissolved in one or more 
carriers. Carriers for topical administration of the compounds of this invention include, but 
are not limited to, mineral oil/ liquid petrolatum, white pebcolaturrv propjdene glycol, pol^ 
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oxyeSoi^lene, polyof)gpcop3il£ne conpounct emiilsifying "weoc and vjatjsc. Alternatively, tite 
phanxiaiceuiically acceptable coirpositiQns can be fbixnulatTed in a suitable lotkm or cteam 
containing the active oonponents suspended or dissolved in one or more pharmaceutically 
acceptable carriers. Suitable carriers indude, but aie not Kmited to, minecal oil soibitan 
5 monosbeacate, pol3;sorbate 60, cetji esters wax, cetearyi aLoohoi, 2oct3ddodecanol, benzji 
alcohol and water. 

For opiilMimc use, the phacmaoeuticailty accq>tab]e coii^xi^tions may be formulated as m- 
cronizBd suspensions in isotonic, pH ac^ustedsbedle saline, or, preferably, as solutions in iso- 
10 tonic, pH ac^'usted sterile saline, dtha:\\ithor wilihout a preservative such as ben^^lalkoruijcn 
dhlonda Altemativety^ for oid:iiiha]]xuc tises, the pharmaceutically acceptable conqpositions 
m^be formulated in an oantmerit such as petiolati^ 

The pharmaceutically acceptable compositions of this invention may also be administetedby 
IS nasal aerosol or inhalation Stidi conpodtions are prepared according to techniques 

known in the art of pharmaceutical formulation aivi may be prepared as solutions in saline, 
eirqjlDjingberizyi alcohol or other suitable preservatives, absorption promoters to enhance 
bioavailahility, fluorocarfjons, and/or other conventional soliibilizing or dispersing agents. 

20 M3St preferably the pharmaceutically acceptable compositions of this inverttion are f ormur 
latedfor oral administration 

The amount of the corr^unds of the presait invention that maybe corribined with the car- 
rier materials to produce acorr^X)ationin asin^ dosage form vsdH vary depaidingijpon the 
25 host treated^ the particular mode of adrrmndstratiorL Preferably, the compositions should be 
formulated so that a dosage of betvv^en 0.01400 mg/l^bocfy wei^/day of the inhibitor can 
be administered to a patient recdving these coixpositions. Preferred dosages range from 0. 1 - 
5 mg/lg bocfy weig^/day, even further preferred dosages from 1-5 ing/kg body 
weigjit/day 

30 

It has to be noted that a specific dosage and treatment regimen for any particular patient wall 
dq)end tpon a variety of factors, including the activity of the specific corcpound errpbyed. 
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tiie age, boc^iNd^, gznezal healttv ssx, diet, time of admii iis li ati orv rate of excnetiorv drug 
conibinatiQrv and ftie juc^pnent of fiie toealingph3ddan and fhe sevedty of the particular 
disease bang tBaised The amount of a 
tion Wll also dtepoid iposn the particular Gom^^ 

5 

The fQlb\^9ng figutes and exanples aze ihot^ to Ulustrafe the invaition and should not be 
construed to Hmit ttie scope of tl:^ invaitioai thece^ 
ihe present plication are herd^yinc^^ 

10 Figures 

Fig. 1 sho\vs the inducible e>q3resston levels of diffe^^ Moie exact, it shows stable 

inducible ©q^ression of Sd: (ZM75), Stc-KA (ZM76), S rcT Q (ZM78), Sir-YF (ZM77) 
and Src-TO/YF (2MV70) in some of the 293 ATiEx cett lines. (ZW4.6: control cell lire, 

15 does not express anySrc.)- The cells ^^CTe incubated with 2pg/ml t^racydine or not {+/-iet) 
for 24h prior to lysis. Lysates were sttojected to SDS polyaojtenide gd electrophoresis and 
anti-Src Western bbtting. The Src proteins are deady expressed i^xjn tet inductiorv whereas 
thesDBis no or very Ktfle Src expressfon without tet (the little expression maybe an artifact due 
to a minor proportian of +tet4ysates, isiintentiQnaQy loaded into the neighbouring -tet 

20 lanes). 

Fig. 2 a-f shows phoiotj^pes of S£c expressing ZMTS.poly cell line incubated in serumrfree 
medumfor 1 day (a,b), 2 days (c, <^ and3 dag® (e, f) in the absence {a, c, e) or pcesenoe (b, d, 
f)Qf tet.Ehenotypecharigest5X)nSrce9qmssi^ a->b;c->d;e-->f. 

25 

Fig. 3 a, b sihow® phenotypes of §ng. e?q>ressing ZM75.7 cdl Krie incubated in saxart-ficee 
mediumfDr2 dajs wilhoiJt (a) or with (b) tet 

Fig. 4 a-d sk>\^s phoiotypes of Src-KA expressir^ ZM76.poly cdl line incubated in serumr 
30 coniainingineditmincL EGF (lOQng/ml) for 1 day b) and 2 dag® (c, without (a, c) or 
with tet (b, Phenotype changes ifXHi Sic e59iessioniriducti^ a"->b;c-^d 
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Fig. 5 a, bd1D\^sp!halDtypesof ^cjCA expressing ZM76.3 cfill line iiurubated in seni^ 
coniainii^inediumincL EGF (lOOng/nd) for 2da}S vdiihout (a) or wiSi (b) tet. 

Fig. 6 a, b shovvB phenoiypes of Ss^^ 
5 cx>ntainingrnediuDaforlda)rvv^^ 

Fig. 7 a, b shows phenotypes of Sic-TO expressing ZM78.poly cdl Kne incubated in serumr 
fiee medium for 2 vvithout (a) or vvith 

10 Fig. 8 a, b sHotas phenotypes of Sre-TO/YP e?cpresang Z]V[17ft21 cdl line incifoaifid in 
serumroontainingmediiimfor lOh without (a) or with (b) tet 

Fig. 9 a^i, g-o shows pitenotypes of Sic-YF expressing ZM77.poly cdl Kne incdbated in 
serurnr<x»itaiiiing medium for Idaywifhout (a, q g i, 1) or wnih (b, d, Iv j, k, irv n, o) tet and 
15 with the foUowing daigp: lOvMPPl-Chr. (c, d), 5pMSU6656 (g h), lviMPP2 (j), 5viMPP2 
(i, k), 2pMD5 (m), lOpMDS (n), 40tMD5 ^ o) or vehicle (0.2% DIVOD; (a, b)) as indi- 
cated on the images. 

Fig. 9 p diows the structure of Src-spedfic inhibitors used for proof-of-principle experL- 
20 ments. 

Fig. 10 a-e shows phenotypes of Src e>q3ressing ZM75.7 cell Kne inciibated in semmrfree 
medium for 2 days without (a) or with (b-e) tet and with lOpMPPl-Chr. (c), 5vMPP2 (d), 
1|MPP2 (e) or vehicle (02% DMSO; (a, b)). 

25 

Fig. 11 a-j stows pJr^noiypGS of Src-KA expressing ZM76.3 cell line incitoated in serum- 
containing mediuin +EGF (lOOng/ml) for 1.5 dajs withotit (a, c, ^ g i) or with (b, d, f, 1\ j) 
tet and with the following drp^: 10ijM[PPl<lTr.+ 5viM:PP2 (c, d), 4D]MD5 (e, f), 1]M 17- 
AAG (g h), IpMRadidcol (i, j) or vehicle (02% DMSO; (a. b)). 

30 

Fig. 12 arj shows phenotypes of Src-TQ/YF expressing ZM17021 cell Kne incubated in 
serurnrcontainingEnediumfor lOh without {a, c, e, & i) or with (b, d,f,h,]) tet and with the 
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foDowngdti^ lOpMPPl-Chr.4- 5pMPP2 (c, 40pMD5 (e, f), ljM17-AAG (& 1^, 1]M 
Radidool (i j) or vehicle(02% DIVBO; b)). 

Fig. 13 a-j sto\^s phenotjpes of Src-YP expnessing 7M77.S cell Kne incubated in serum- 
5 GQniainingniediuiiifor lOh vztihaxtt c^ g Q or with (b, 6, f/ H j) tet and the follows 
ingdn;fgp 10pMPPl-Chr:+ 5pMEP2 (c, d), 40iMD5 (e, f), lpM17-AAG (&1^, IpM 
Radidool or vehicle (02% DIVBD; (^b)). 

Fig. 14ard, g-k sho\\s phenotypes of Src-YF e>q3ressir^2M77.poly cdllineincibatedin 
10 suspension (Ullialow Attadunen^ Plates) in serunvcontainingniediuiiifor 2 dajs wifhout 
c, g i, k) or v«th (b, d, Iv j/ 1/ n\ ii) tet and the following drugp: lOpMPPl-Chr. (c, c^; 5|iM 
SU6656 (g h); 5pMPP2 (i, j); 2}iMD5 lOjMDS (m), 40pMD5 (k, n), or vehkie (0.2% 
DM90; (a, b)). 

15 Fig. 14a,bshov^SInag^ififidinsetsof thecett 

teristic for fie ,,-tet-phenotype" and (b) the disintegpatkm of the a^ceg3te(s) into a toose 
mass of ceDs characteristic for the tet-phenotype", ie full Src activity 

Fig.l4 c, d shovss magnified inset of the odl aggt^te surface (c) a smooth surface is charac- 
20 teristic for ihe ^-tet-fiienotype" (no Src activity); (d) inoeasin^y ,;rov^' surface conelates 
with increasing Src activity, ,,+tet-'phfinotype''. 

Fig. 14 g, h shov« magnified inset of the cell a^n^te surface: (g) a smooth surface is char^ 
acteristic for the ,,-tet-phenotype" (po Src activit)^; (h) increasingly ,^u^" surface corre- 
25 lates with increasing Src activity, tet-phenotype". 

Fig.l4i,j shows magnifiedinset of the cell aggregate surface (i) a smooth surface is charac- 
toistic for the ,,-tet-phenotype" (mo Src activity); Q) increasingjly „rougJi" surface correlates 
with increasing Sic activity, tet-phonotype". 

30 
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F ig. 14 k, 1 sho\^s m^g^ified inset of the cdl ^gp^g^ sudfaoe: (k) a smooth surface is diaiac- 
terisHc for the ,,-tet-pihenotype" (no Stc activiij^; (I) inoBasin^ /^rot^i" suif ace coctdates 
\^QthincIeasi^gSIC activify w+ijet-pihfinotjpe". 

5 F ig. 14 m shows magnified inset of the cell ^joegpte sucfece: an inoeasir^y „sxjfu^" smface 
condates wth inoeasiiig Sic activiiy, ,,+tet-pihenotype^' (in comparison YiSh Fig 14 1^. 

Fig.l4 n magnified inset of the cell ^ggp^jate smface: anincEeaslng^,,£OU^" sutface 
condates wlhincteasiiTg Sic activiiy, „+tet-pheax)type" (inconfarison wthFig 14 1^. 

10 

Fig. 15 a, b sihows gci^hic display of the chta from Tab.4 (Fig 21) obtained for oeD. lines 
ZM77.8 ffiic-YF) (Fig 15 a) and ZM170.21 fSic-TO/YF) (Fig 15 b). The cohmms reflect 
the idative cell viabiliiy /metabolic activiiy values +/4et(ineans) of Tab.4 The numbecs on 
top of the respective first (left) columns (no conrpoun^) ate the corresponding Z' values 
15 (canoaning the numbers 0.73, 0.75 and 0.85 in Fig 15 a; the nutnbers 0.67, 0.85 and 0.85 in 
Fig 15 b). The italic nuoibers on top of the respective other columns (coir^x^unds) are the 
conespondingZ' (siqjpression) values. 

The odls \^CTe inctfcated with the following corr^unds: fiist (left) columns, respectivdy no 
20 con^und (vdrdde DSMO); second columns, respectivdy. 5vM PP2 + lOpMPPl-Chr.; thrcd 
columns, re^?ectivdy 40pM D5; fourth columns, respectivdy. IpM 17-AAG; fifth columns, 
respective^: lijMRadicoL 

Fig. 16 a-j diows phenotypes of Src-TO/YF expressing ZM170.21 cdl line incubated in 
25 suspension (Ulttalow Attachmerit Plates) in serumrcontairang medium for 1 day without tet 
(^, g i) or with tet (b, d, f , h, j) and tiie following dm^r lOpM PPl -Chr. + 5pM PP2 (c, 
c^; 40pMD5 (e, f); 1\M Eadidcol (g h); IpM 17-AAG (i, j) or vdude (0.2% DMSO; (a, 
b)). 

30 Fig. 17 shows phenotypes of ZM746 control cell line incubated in serum-free mediumfor 
Idayin the absence (a) or presence (b) of tet 
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Fig. ISshovssanaHgpiitentof these^^ Sic, 
Yes,Fyi\ Yd^FgF,Hd^Lyn^LckandBlk M sequai(» are humaiv except Yik\^^ 
fiXHii dncken. The kinase domain SHl^ ^ doxnain SH2 viidi binds phosphotjro^ne- 
Gontaining sequences and the dcmtain SH^ v^}li(^ binds proline-nchnic}^ The 
5 positimof the cooistant amino adds K and Tin the domain SH2 and Y in the domain SHL 
a]3eeadiidenij£iedinpai£anihe9sft)rth^ It can be seen, 

liiat for exanpfe the Sic kinase mutant Stx:^K298A, as descdbed above^ conespands to the 
Yes Idnase mutant Yes-K305A^ the Fyn Mnase mutant Fyn-K299A, the Yrisc kinase mutant 
Yrk-K298A, the Fg: kinase mutant Fgc-IC29LA, the Hck kinase mutant Hck-K289Ar *e Lyn 
10 kinase mutant LynrK275A the Lck kinase mutant Lck-K273A and Ae BDc kinase mutant 
Blk-K269A 

Fig. 19 shows table 2 yAMi summarizes results from MTS and ATP assays. Cell lines 
ZM75.7 (See), ZM76.3 (Sic-KA> - ZM77,2 fSrc-YP^ andZM77.8 fSic-YF) , \Nrae tested for 

IS Otssr reduction of cdl viability/metabolic activity tpon tet-mduction. 

The indicated cell ]ines \Meze grown in 96wdls vtnder their optimal goowili conditions 
b€k)w, exanple 3). As a variation some cell lines vxse also seeded at 50% b\^^ density (bw 
dens.). One day after seeding cells jNece incubated with or wthout tet. Cell viability \Aas measr 
uiied 1 day, 2 d^, and 3 days later vsirig a \^ctoi2 pla^ 

20 assaj^ or flie luminescence mode (ATP assay). In the MIS assay the cells T/^re measured Ih 
and4hafter addition of the ass^ieagens. Ratios of cdDl viabrjities \^/\>j^ 
conesponcfingZ* values are indicated in bold type SD (standard deviatbn). 

Fig. 20 shovNS table 3 vAMi summarizes results from analogous ass^ (NflS and ATP a&- 
25 says), in ^sWch the cdl lines ZM77.8 ^e^YE), ZM75.7(§rE) andZM76.3 ^EiK6)wei:e 
used to evaluate the effects of test compounds PPl -Chr. and P!P2 and of the newly identified 
corr^und 'T)5'' with respect to Iheir ability to si^^pa^ess the tet-induced reduction in cell 
viability/metabolic activity. 

30 The indicated cell lines v^eaae grown in 96\^^ under thar optimal gcowlh conditions (see 
bdoW/exanpleS). In one case (stepem), cdls\^regpwn in suspension in ul^^ 
sion plates. One daj^ after seeding cells vvere inai^a^ 

cated cocqpounds at the iruicaied concentrations or veihicle (0.2% DlvBO). Gel viability was 
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ineasuced 1 day, 2 days, and3 da^ later using a VicfDi2 plate leader in the absozpticmrnode 
(MIS dSS2sy) or the Ixicninescause mjde (ATP assaj^. In the MTS assay the ceDs vme ixtea&- 
iiiBd 4h after addition of Ihe ass^ lesge^ 

(X^rnespondingZ* vali£saieindic^^ boldtypaSD (standaiddeviatiot^. Toxidiyof the 
5 confjounds (1 - mean(-tetXDM90))/rnean(-tet/x>^^ is indicated for each odl line. 
Si^^piession values lefiect the cq>^ the coiripounds to st^^pcess the tdi-mducedredic- 
tianof odlviabilityandaie indicatediribold {sap- 
pnession) values. 

10 

Fig. 21 shows table 4 vAiidi sho\^s data obtained from the CTB ass^ and in oon^jarisorv 
with Ihe ATP ass^. 

The indicated cell lines were grown in SSvxSis under their optimal growth conditions (see 
15 bdo\^ exancple 3). One day after seeding cells were incubated with or wifhoid tet and with 
the indicated conpounds at the indicated concentratians or vehicle (0.2% DMSO). Cell \i- 
ability was measured 1 day, 2 days, and 3 days laierusirig a Victoi2 plate reader in the fliaores- 
cence mode (CTB assay) or the IxBiiinescerice mode (ATP assay). In the CTB ass^the cdls 
were measured 1, 2, 3 or 4h after addition of the assay re^ens. Ratios of cell viabflities 
20 with/without tet and the correspCMiding Z' values are indicated in bold type SD (standard 
deviation). Toxicity of the con^xjunds (1 - nieari(-tet,(D]VOD))/mean(-tet,cori5X)iri4)) is 
indicated for each cdl line Siq>pressiari values reflect the effects of the compou^ 
pisss the iet-induced leduction of cdlviabiUiy arid are iruScated in lx>M type togeih^ 
the corresponding Z (stj^pression) value& 

25 

Fig. 22 rgsresents the chemical structure of compound D5. 
The f ollowiiig examptes do not limit the scope of the present invention. 
30 Examples 

Inter alia proof K^f-pdndple e)q?edments are providec^ in vAicti the f olbwupg two dasses of 
con^inds are tested (i) con^unds, vAich directly inhibit the tyrosine kinase of Src (direct 
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irWhitois), and (jS) coirpounds vsiudi inhibit the Hisp90 chq>erone systjeirv on vAich Src cfe- 
pgids for ptpper folding tteceby cauang Src degnyfation (indirect irihibitois) . 

As resdt, it foOows tiiat this assay platfonn can be used for ftie identifirati an of coni^xninds 
5 x^^iuch diiBcdy iiM)i^ Sic activity as wdl as of coit;x)un£fe vdnich inieifer^ the Hsp90 
chq}eEQne sysian. 

Example 1 - Generating of expression constructs for Src and the Src mutants Src-KA, 
Src-TQ, Src-YF, Src-TQ/YF 

10 

£>9S£ssbn constructs have bem generated to enable stable and inducible expcessojn of Src 
kinase, and the Src kinase mutants Src-KA, Src-TQ, Src-YF and Src-TQ/YF (abbreviations 
denote sin^ letter anmo add-Gode) in rnamma^ 

15 pcDNA4A'0 (Invitrogen) vm chosen as expression vector. The features of this vector are 
alreacfy described above. 

The f olb\\ang mutant derivatives of the Src wildtype expressfon construct were generated 
This has been achieved by mear« of site-directed mutafflnesis using the 'QtdckChange Site- 
20 Directed Muta^nesis Kit" (cat Jio. 200519, Stratagaie, la Ix)lla, CAr USA) according to the 
protocol of the manufacturer and the following oligonucleotides: 

SIC-K298A S'^XIAGGGTGGOCATCXilXACraGA^^ (sense) and 

5'<;TGCX:AGGCrrCAGGGTGGCGArGGQCA^^ (antisense); 

25 

Sir^T3410: 5^-- OCATrTACATCGTGCAGGAGTACATGAGCAAG-S' (sense) and 
S'-CrTGCrCATGTACrGCrGGAOGATGTAAATGG-y (antisense); 

Src-Y530F: S'-OiZAGtXAGGOQCAGTrCXiAGC^^ (sense) and 

30 5'- CTGQOQGGGCrGGAACrGGGGCrCGGTGG-S' (antisense). 



Sir:-Tf341K)/Yf530)F : combination of Src-T341Q and Src-Y530F 
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Example 2 - Generation and Biochemical Characterization of Hxaman Cell Lines 
Stably Inducibly Expressing Src/ Src Mutants 

5 The above described ejqaresaan constructs were ttansfededirtto Ihe ''293/TREx" cdlline 
(Invitrogen) u^ngFuGENE (Roche, 6^ Switzedanc^ or Effectene (Qi^en) transfectk»i 
regents aoxirdir^ to the rnanuf^itu^^ 

Cells are cdtivatedat standard incubator conditiarB (37°C, 5% GOj/ hvimidified atmosphoe) 
10 on standard cell culture plastic plates/ mulii^N^ plates (Nuru:, Rosidlde, Denmadc) in gpowth 
medium PMEM (Giboo/ Invitcpgea^ catena 61965-026), 10% FBS (Biochronv catjno. 
sons. Lot No. 521^, 1% soditnni^TOvate (Gibco, catno. 11360-039)) in the pesence of 
the antibiotic blastiddin (5pg/ml) in order to keep the sdection pnessure on tet-n^iressor 
expcesaon. 

15 

24 hrs after transf ection of the 293 /TRE x cdls vASx the indudble Src / Src mutant expression 
constructs, zeo (cat.no. R2504, Invitrogerv Cadsbad, CA, LBA) vjes included into ihe 
gDDWth medium (250 pg/ml) for sdectioa Successfully transf acted cells, wiuch have stably 
integpated the trar^ected DNAs into the genome and v\hich express the resistance gene, are 
20 resistant to 2eo; all other cells, vAich have dfher not taken vp the piasmid DNA or vAvda 
have not stablyintegratedor bst fheDNA, diein the course of -1 week 

To obtain separately growing colonies (mono-dories) of stably fiansfected cells, cells were 
splitted at ratios of 1:50, 1:500 and 1:5000 onto new6cmrcultui:e plates 24hrs after transfec- 

25 tion. The mqority of the cells were sdected and expanded in pool (polyclonal). Monoclonal 
colonies woe picked teing cloning coders (e.g Dimn Laboratories, catno. 2090-00608 for 
6 (diameter) x 8 (hig^) mm, no. 2090-00808 for 8 x 8 mm c}dinders) and e^qpanded in parallel 
imtil ceUnimbers were hi^enoi;!^ for the cells to cover a lOartctdture dish with jnearconr 
fluence (--10'' cells). The poly±)nal pools were expaai^ded as wdL AKq^ (2 x3cmrplafe (2x 

30 --10^ cells) of the obtained mono- and poly-clonal cdl lines wsie iised for characterizatiarv 
wMe Ihe remaining btdks of ceills were aliquotbedL. frozen in several cryovials (Nunc) and 
stored in liquid nitrogen. 
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For charactierizatiarv cdb fixm each cell fine tabb (cat-no. 550205, 

Invittogei^ to induce the ©^jcession of iite tran^enes (Src / Sir mutants) or left untreated (1 
X ScmrpJate of celH see above). -16 hlater cdls weifi lysed Src / Sic mutant ejqrossionis 
5 moniiDied by Wtetem bbtting using Src-spedfic antibodies (Anti-oSic (N-16) antibocfy, 
cat.no. sc-19, Sta CrtE Biotedmobgjr, Santa Ccle;, CA, US^ and hoiseradish pooddase- 
cov^pled secondary anti-iabbit IgjG-antibody (catno. 25800685 Amersham Bbsdences, little 
Chdfant, UK). In order to qiHlify 

a deady detectable e^icessiari of fhe desired transgene, and this e>^^ssion must be ti^itfy 
10 inducible, Le >10-f6Mandpa:efeKb]y>100-foMb\^©5jre^ 

most preferably no detectable expresaon wSfliout tet (above tihe endogenous badj^pound, 
\\iiich is near fhe limit of detectian) . Thenaf ore, ihe level of expresaon has to be hi^ enou^ 
to technically dlowfhe deJectk^ an at bast 10-fold v^calCTexpEessbn signal (see Fig 1). 

15 Several cSfferent cell lines were obtained and characterized for each tcansgene \Ad£h the fol- 
bwing results: 

1 polydonal and 14 monodonal cell lines stablyindudbly expressing Src: 
ZM75.poly, ZM75.1, .2, .3, .4, .5, .6, .7, .8, .9, :10, .11, .13, .14, .15. 

20 

1 polycbnal and 13 monocbnal cell lines stablyindudbly expressing Src-KA 
ZM76.poly, ZM762, .3, .4, .5, .6, .7, .8, .9, .10, .11, .12, .14, .15. 

1 polycbnal and 19 monodonal cell lines stablyindudbly expressing Src-YF: 
25 ZM77.poly, ZM77.1, .2, .3, .4, .5, .6, .7, .8, .9, .11, .13, .14, .16, .17, .18, .19, 20, .21. 

1 polydonal and 21 monodonal cell lines stably iruijdblyexpessingSrc-TQ: 

ZM78.poly, ZM782, .3, .5, .6, .7, .8, .9, .10, .11, .13, .14, .15, .16, .17, .18, .19, 20, .21, .22, 23, 

.28. 

30 

1 polycbnal and 30 monodoial cell lines stably indudblyexpressingSrcA'Q ATP: 



IS 
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ZM170.pQly, ZM17ai, 2, 3, A 5, A, .7, .8, .10, .11, .13, .15, .19, 20, 21, .22, 24, 25, 26, 
27, 28, 29, .30, .31, 32, .33, 34 .35, 36, 37 

displa^a deacly detectable aid 

5 

1 potydonal and 4 monodonal cx)Jilrol cell lines (transf ectjed wfti the en^ ©qrosskm vec- 
tor pcDNA4/rO) v«re obtained: 

2W4poly, 23v^43, .4, 5, .6. These control cell lines do not express any exogenous Src 
(consequently, the above leqtdrements db not apply ha:e). 

10 

Fig.1 e)ce!niplanlysih0v>5thei^^ some of the above mentioned ceill 

lines. 

Example 3 - Qtialitative/ Semi^juantitative Determination (by Eye/ Microscope) of a 
15 Biological Readout (Phenotype) for flie Expression of Src/ Src Mutants 

and Identification and Qiaiacterization of Src Modulating Chemical Compounds 

a) Biological Responses in Noimal Cell Culture Plates 

20 i) Bidqgad REspo)ises upon Induction <fSrv/ SrcMutcmts Expression 

Phenotype changes -t^ +tet v\CTe evalijated in 24^v^^ plates (Nxffic; cat 143982) unr 
der the f oflowng several different growth conditions to identify the stron^st possible le- 
sponse (Ap^^->+tetjmax) 1. full (10% serum containing) growth meditm a) without any 

25 growth factor sipplemmt (-), b) with epidermal growth factor (EGF; lOOng/ml) (cat.no. 115, 
Research Di^^u)stics Inc. (RDI), Flandeis, NJ, US^ or c) platelet derived growth factor type 
BB (PDGF-BB; 3Qng/ml) (catno. 114b, RDI) or hepatocyte growfti factor (HGF; 
2Qng/ml) (RDI, catjio.300-010), or 2. serumrfree medium a) - orb) +EGF or c) +PDGF or 
+HGF. In all cases, cdls \>ere first seeded into standard 24-w^ or 96-well plates (Nunc) in 

30 fidl gpowth medium. The cell number seeded per "weSL was also vaded to identify fhe most 
suUable cdl densities producing Apt(^->+{et>°^ 
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-^24 h later the medivan changpd to seruuir&ee inec£uExior rot, g!X)vvih £actois and tet 
(2pg/inl) weate added yhace epp&csbh. SiibsequQitljr, Oie following observations vme made 

2M7^ f con) osSL Unesi As e^q^ected, no agpificant or cx)nsistHit/ xepiodudble diffea^ce of 
5 the phsnotype (nK)iphoIogjr/ pax)li£e3catk»\ cell desSH) was ^Tpaient vmder ary of fhe afoie- 
menliooQd growth cx)nditi^ 

ZM75 (Stc) cdl lines: Induction of Src e^qjDSSsionled to a most q^parent phenotype dhar^ 
of theiBSpective cdls\>iienfl^ gpowninseruirirfteeinedimand\Aito anygpowih 
10 factors (see Fig 2). 

Under sudi starving Gondiiionscelk did ro^ and start to move to\^mJs each other 

and dunp together forming filamentous or round aggD?g3tes. These aggregates gpewover 
time, sometimes into big dvsmps/ f o d, and the cdls q>peaDed to fuse into big masses, vAvie a 
15 latge prc»portion of the plastic suiface of 2 a, 

c,e). 

In fhe presence of tet, when Src expression was induced, the cells looked more viable, their 
distribvttion on the culture dish was more even and fhe cells grew more individually rather 
20 than forming large aggregates or fod, finally reaching confiuenoe aH over the dish (see Fig 2 
b, d, f). It was obvious that proliferation is increased 

In short, Src e^qrossion (in serumrfree medium) albv^ the cells to gpow more normal, like in 
serurrt-containing medium (see Fig ^. The functional expression of wildtype Src coirpen- 

25 sates, at le^t in part, for fhe lack of serunL Therefore, the Src expression-induced phenotype 
changes are best revealed under serum-free conditions. A cdl density/ conflxience of ap- 
proximately 30% at fhe time point of tet-induction is preferred This gjlves the cells enou^ 
space to gpow and spread over the plate (as they do in the presence of tet) during fhe follow- 
ing 2-3 d^ Amuchhigjher cdl densitylead to prernatucefull confltence (in the presence of 

30 tet), lAhidi diminish Apt^^^^- A much Iowa: cdl density lead to a gpneral retardation of 
growth and to a reduced cdl viability, which obscures the biological response and lead to a 
reduced Ap^^+te9-Ap((4eL>+te9^^ dajs aftcT tet induction. 
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In GDB cdl Kne, naiidy 2M75.7, expses^aa of Sic leads to loundir^ vp of most cdls and the 
cessation of gpovvliv foDoiN^ in some cases by cdl deafti (see Fig.3). This phenotype change 
coiielafes wfh Ihe vety higli ir^^ 
5 tet-inductiondoesiKrtpttHnoteord^ 

of gpowttv the optimal cell density for A pt(-tet^+tet)irax is somevsiiat hi^ier for ihis cdl Kne 
(-50%) than for the other ZM75 ceil lines, and ©q?^^ 
containing medium. 

1 0 This suggests the existence of a threshold Isvd of Sic activity in a cell alx>ve viich Src does 
not stfpoit and foster cdhJar viability anymore, bi* rather leads to rounding up of cells, 
detachinent from the dish arid cdl death. This is seen yet inore striking^ in cdl lines ©^a^^ 
ingfte hyperactive Src-YF (seebdo\\^. 

15 ZM76 (Sic-KA) celllines: Induced e)q>ression of Src-KA leads to a reduced proliferation rate 
and to uneven distrflbution of the cdls over the culture dish surface and formation of aggpe- 
gates/ dun^ (see Fig4) This phenotype dmge is particularly dramatic in ZM76.3 corrdat- 
ing with the very hi^ inducible expression levd of Src-KA in this cell line (see Fig5). The 
euqaession of Src-KA tineief ore ^)pears to exert a negjative effect on the cells, most likdy due 

20 to a dominant-negative effect of this mutant as is well known in the Hteratuce from inactive 
mutants of other tyrosine kinases (Levin et aL, 1993). As Src-KA induces a negative effect, 
the iet-induced pihenotype-diange is most obvious xmder optimal gcowih conditions, Le in 
serumrcontaining medium stj^plemented vwfh lOQng/ml EGF. The optimal cell density at 
the time of tet-indirtion is around 30% (50% for ZM763) giving the cells enot^ space to 

25 grow and spread over the plate (as they do in the absence of tet) during the f oUowing 23 
days. Api(.tet^+teDi5^ ustelly rBached2-3 days after tet induction. 

ZM77 (Src-YF) cdl lines: Induction of Sic-YF expression leads to rounding vp of cdls, fol- 
lowed by detachment of the cdls and cdl death (see Fig6). As noticed brfoie, the extent and 
30 the rate of iWs phenotype-chan^ oondales with the level of transgene expression inducible 
in the different monodonal cdl lines. Inmost ZM77 cdl lines, vdnichiiTdimblye^qjce^ mod- 
erate to hi^ levds of Src-YF, Hke for instance 2M772 and ZM77.8, the phenotjpe changes 
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ase veiy lapd and dramatic Itoiirrfing tq? of flie oeDs starts 
after tet addition cells aiB alirost coi^^ 

established ovenni^ Le Apt^-bt^+tet) is aheacfy^^etyW^ allhDx:f^ Hie oontinxfid growfti of 
the ceiDs in flie absence of tet furii^ Api^+<^ until the odlsiBadiranfhiencje. In 

5 Older to reach A pK^+te^iiiax as lapd as pc^sible, cdls should b e seeded so that the density is 
60-70% at the time of tet induction. The phenotype change is seen equally in medium 
with or wifhcait serum. HoTAever, serunHX^ntainingmediiimvvas teed^ because cells start to 
starve in serunvfreemedum after ^pioxiinatelyom andfhecefoie serum-free medium 
dminish the ht^ A^-tEt^+tetF^ax. 

10 

ZM78 (Src-TO;> cell Knes: As expected, induction of Src-TQ expresaon leads to phenotype- 
changes very similar to those observed in ZM75 cell lir^ tponexpressioii induction of vrfldr 
type Src (see above) (see FigT). As in the latter, tet-induced phenotypes are most overt under 
senm-fcee oonditions. 

15 

ZM170 fSrc-TOAD ceiil lines: As ocpecteci induction of Src-TQ/YF expressbn leads to 
phenofype changes equivalent to fhose observed in ZM77 cell lines vpon expression induc- 
tion of hjperactive Src (see K&8). 

20 Gorr5)arisQns of the extents of the respective phenolypic changes (-tet +tet) provided a 
rational baas for the sdectbn of afevvcell Ibies displayirig strong biological responses tpon 
tet-inductiorv i^hichiveie iised to furtha: deveJop the assay as described beJow. 

line folb\Mng celL lines v\ee choseci: 
25 ZM7513, and ZM75.pofy; in addition: ZM75.7 (providing a different and more dramatic 
(ZN^-jike) xesponse); . 
ZM763} 

ZM77.]pdly, ZM772 andZM778; 
ZM78.13; 
30 ZM17D21; 

TW^A was iDutindjrteedas Hie oanirdL 
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U) St^jpteasmrf^Bidk^ Respam JyChetmd Cmpoun^ (Pnxf<0Hitdpl€) 

In proof -<)f-pdnc^ expesdnxaoi:^ test compounds^ kio^va to inhibit Src kinase activity VNa^e 
used to (^termin^ v\iieiher a si^Tptesaan of the afoceinentioned Sic/ Src mutant-induced 
5 phenotypedianges can be observed 

To that or^fte test compounds m<3Tr.,^ andSU5656 
(catjno. 572635, Cabiochem) (see Fi&9p for chemical stwctures) ^vece individually added to 
the ceils togeSier \\aih tet and Ihe devek)^^ 

1 0 these conpounds monitaced subsequently in direct comparison v^ofh ceSs that leoaved 
no coii5X)und or only vdiide (0.2% E^CO) together with tet inductiaa The cotr^xjunds 
"weaoe also added to the cdls \\ithotit tet-induction of Src/ Src mutant expression as conbx)]s 
for nan-specific/ toxicity rffects. The experiments were initiaDy perfcamed with several 
ZM77 cdl Knes. As depictedin Fig.9, the pheriotype changes of the cell line ZM77.poIy (Src- 

15 YF) were partially suppressedby the variote test con^unds (see Fig.9a4c). In the context of 
the 2^M77 cell lines, the presence of one of the test con^pounds reduced the tet-inducedrate 
of cell rounding, detachment and death. The effect was most obvbus at early time points (8h 
- ld^,whenthepheriDt3peof fhetet-treaiedceills,fha^ 

jtistfiiDy established or establish^ Theblockof thephenotypecharigeby 

20 the can:5X)unds was released at later time points (depending on the campourxfe, typically after 
8h to 2 d^X ^ ^ociosi cases due to a pcogtes^ng d^padation of the corripounds. 

Furthamore a dear correlation betvseen different coir^md (Drmtrutiors and the d^^des of 
si^ijpression of the tet-indudble biolog^al responses w^ shown (e.g. Fig9jJ<:andFig9irvivo): 
25 Siypression was generally strong with increasing canoentrations of the test con^xDunds. 

GompourKis were also tested on the Src-wt e?qxcessing cdl line 7M757 (Fig 10). An inteiest- 
ing phenomenon was observed Inhibition of Src not ordy reduced or prevented the tet- 
induced phonotype of round and detached ceJls, but also restated in an increased confluence 
30 of the cells due to inaeased pcolif eration and a more even distributiDn of the cells on the 
plate (FiglOc^). 
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llie presumable e^qilanat^ ceOsbytfae 
GOzr^iKids i»iK:es the veiy hig^ 
tionafycQiiparsble to 
fhieru^ of f}^ odls (see abow). The parti^ 
5 Src in these cdls dbwn below Ihe flreshold levd of Src activitjr dbove wWch Src does not 
pioniote cdliilar viabiUiy anymore/ but rattier leads to cessation of gpowttv loumding vp of 
ceOS/ detachnient frx>m1^ 

In a anall-scale screening carr^gn testir^ novel con^imds wth unkrY>wti activity agrinst 
10 Src in vivj]e oells, several molecules were identifieci wiuch slgnificanfly and specifically st^ 
pressed, the observable phenotype changes. The (concentration-dq^endent) sippresaon eSect 
of one conpounc^ designated ^T)5'' (see Figure 22), \^^lich has been identiiSedm this screen 
\^dfh ZM77 cell lineS/ is shorn in Fig9 l-o. These results demonstrate that the described assay- 
is suited to screoi and identify (novel) corrpoiinds, vv^nich itihih^ activilyinwtole 
15 cells. 

For reasons of ^pecifictiy some conpotmds were further tested on some of the other cdl 
lines: 

20 Irnportanliy, the conpounds not able to stppress the tet-inducedpteiotype changes in 
Src-KA expDSssing ZM76 cell lines; rafher it is often observed that ihe preseaice of some 
compounds further increases the tet-induced phenotype change (negative sippression), due 
to a synergism vvifh the dominant-n^iative effect [this is shown exanplarily for PPKItl/ 
PP2 and D5 in Figllarf]. This indicates that these confounds exert their effects specifically 

25 via inhibition of Src^s kinase activity. It can fha:efore be excluded that the observed effects 
are mediated by their binding to any of the non-catalytic domains of Src thereby blocking 
protein-pio tein interaction-mediated signalling nor mediated by any indirect means resulting 
in a geaieral inMbition of Src folding and/ or expresaon 



30 



The test confounds FPl-Chr./ PP2 i^ere also ineffective in suppressing the tet-induoed 
phoiotype changes in Src-TQ expressing ZM78 cell lines and in SrcTQ/YP expressing 
ZM170 cell lines [compare Figl2a-d(Src-TQ/YF e>q>ressingZM170.21) with F%13ard (Sic- 
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YF ©qpgressing ZM77.8)]. This indicate^ as a further levd of spedfidly, that ihe cocryounds 
inhibit Src kinase activity by binding into the ATP bindii^ ate and that other nonrSrc-rdated 
kinases, vMch do not have a threoonine at the homobgpus positiorv ^iiLd not be iiihibited 
by these oonipounds. 

5 

In oaritiast, the novd inhibitor D5,\^il^ 

stf^press both Src-YF- and Src-TQ / YF-induced effects^ althopg^ st^^pression vias soinev\hat 
\v^ker for the latter (coEripaieFigl2e^\^ does not seem 

to be very specific for die threonine at position 341, btt also toterates ^utamine instead, 
10 which makes it obvious that it m!L to some extent also inhibit other nonrSrc-ndated tyrosine 
kinases. 

In further anabgously performed paxx)f K>f-prindple e>^)eriments, the test coir^unds 
gddanarrgdn (catJio. G-1047, AG. Sdentifk:), 17-AAG (catno. Arl256, AG. Sdentifk: Lie, 
15 SanDiegp, CA, USA) andiadkdcol (catno. R-1130, AG. Sdentifk) were vised to determine, 
\\helher a ajjpiession of ihe Src/ Src mutant-i^^ 

These Hsp90 inhibitors waTe very effective in these assajs, sif?pressii^ the phenotype of all 
Src and Sic mutant e)q>resang cell lines tested in a concentration-ctependent manner [exemr 

20 plarily shown for ladidcol and 17-AAG in Figsllgj, 12g-j and ISg-j]. The si5?pression is 
con^^aiable or stronger and tisually a bit longe^lasting than the siypicession observed w.fh 
the direct Src kinase inhJbitois PPl-Chr., PP2, SU6656 and the nev\iy identified D5. The in- 
hibition via the folding machinery is vay fundamental for Src. When direct Src kinase inMbi- 
tory conpounds are degraded over time the bbck is released without any dday, v>iierBas le- 

25 expression of correctly folded Src protein takes some time after denqpresston of the folding 
madiinery following the degradation of Hsp90 inhibitoiy compounds. 

It is in^rtant to enyhasize that these compounds are also effectively su^^pressing Src-KA- 
and Src-TQ/YF-induced phenotype changes (Fig.sll/12g-j). This fits perfectly with their 
30 mechanism of action: Throu^ inhibition of H5p90, they prevent a proper folding of Sic and 
Src mutants, leading to proteasomal degradation of the (misf olded) Src proteins. This degra- 
datkm affects all Src and Src mutant proteins likevNase, indudii^ Sic-KA and Src-TQ AF- 
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Thus, arty inhibitor of the chqjerane systeov Which is responsible for Sic folcBng andiAitich 
consists of HsfSOy HspTD andHbp (i^Mchini^^ andHsp90 via two of 

its TI^ doniains; Scheufler aL, 2(X)0X canbedisdngpidiedfromadiiB^ 
tor by its stppiesaan of Scc-KA-induDed effects. 

Takm together, the mutants Src-KA and Sr-TQ/ Src-TQ/YF allow the dasaficatian of 
coix^unds vvilh legprd to lliek inod^ 



10 Tab.1: 







Suppression of Src- 


Mode of action/ specificity 


exannpies 


YF 
(wt) 


TQ/YF 
(TO) 


KA 


1, Indirect (upstream): 










Inhibition of tlie Hsp90/Hsp70/Hop multictiaper- 
one complex 


Radicicol, Gelda- 
namycin, 17-AAG 


+ 


+ 


+ 


2. Direct or indirect (downstream) 










Kinase inliibitors (non-specific or non-ATP- 
competitive) or inliibitors of Src effector(s) 


SU6656 








3, Direct 










a) Kinase inhibitors (ATP -competitive) with lim- 
ited specificity 


D5 


+ 


+/- 




b) Kinase inhibitors (ATP-competitive + specific 
for SrcMike) l<inases) 


PP1-Chr., PP2 


•1- 







It follows that the assay platfonn of this invention is not only surtedfor the identification and 
characterization of compounds inhibiting the activity of Src, b vit can equally well be xjsed to 

15 screerv identify and evaliHfe connpounds v^chiriKbit the Hsp90-basedch^?etone systemby 
arty means: inHbifors of the HspSOATPase; con^unds v^ch block proteinrpcoteinr 
interaction between Hsp90 and other ptoteire like Hsp70, Hop, Cjdc37 and othecs cooperat- 
ing \AflfhH5p90 in the folding of client proteins (eg HEK2, Akt, Raf, Cdk4, Src), as 
wdl as inhibitors of these coqpecating proteins and confounds bbckingproteiivprotein in- 

20 tecactions among these coopecatir^ paxjteins, for exarrjie the interaction bet\^een the TPR 
domains of Hop on tiie one hand and the caibaxy-tennini of Hsp70 and Hsp90 on the other 
hand 



b^ BiotogicaL Responses in Uhatow Abtadmnent Plates 

25 
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i)Bidbfgad Responses upmhi^^ SrcMdardsExpressm 

star Gozning Goip, Actorv MA; US^ These plates are coated mHi a covalendy bound 
5 drogjd la^ that pre v ents cettular attachment to the polystyrene suifece of the y^Hs. As Ute 
ceDsivQienot attached to these vveDs, a 11^^ the 
phenolypesvveDe tested in fuU serun^ or presence of EGF, 

PDGF-BB or HGF as detailed above Tet-induction\\as also started Ihe drafter seeding. 

10 Lar;^yinespectivectf thecdlnum^^ 

and formed one or few vieiy candensed/oonnpad^ opaque^ rod-, disc- or kidney^h^>ed ag- 
gregates \\ith a smooth surf ace, in 

rhangpR hpramp appanmt ^ 24 h affcer trf: indurfinn in ZM77 and 2ML70 cdl lines ariy. and 
Apt(^->+tet)max -wss reached after ^2 days. In these cell lines Src-YF or Src-TQAT expwes- 

15 sion, respectively, induces scattering of the cdls. Mmy cells are floating in the niedixmiii^dL- 
vidualy or in small dusters and the remaining large aggpeg?te(s) are irtegular-shqjed and 
rather loose than oorrpact; individual cells can easily be discerned and thus, the surfaces of 
these aggpegptes are lot^ as with bunches of grapes (Fig 14a,b). This biological leqxnise "was 
readily observed wth or vwtthout any of the above gpowtti factors, vNteefore normal gixrvvth 

20 ineditmivithoiit any additional growth factor was subsequentlyusedxn this assay type 

There -ms no phenotype change t^^n tet-induclion in control or arty- of the other Src, Src- 
KA or Scc-TQ expressing cell lines. 

25 ii) Stqjpw^qfUie Bidqgad B^ptraes hfOmiad Conpounis (Pnxf<f-Primp 

In proof-of-princqjie e>q)eriinents, test compounds known to inhibit Src kinase activity or 
known to inhibit the H5p90 ch^?erone complex were used to deteruiiiie v\hefher a stjjpres- 
sion of the aforementioned Sic-YF-induced phenotype char^ can be observed 

30 

To that end, the test coixfounds PPl-Chr., SU6656 and PP2v^ individually added to the 
cells together with tet, and the devebpment of the phenotype changes in ihe presence of 
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these oQii^unds vm waratared sdbseqaes^Sy in direct cQUf^ariscm viSa tet-induoed oeDs 
that leoeived no oniiixjun^ 

tet-induction of Sic/ Src mutant expresaon as controls for ron-spedfic/ toxidty effects. The 
expemnents wete peifoiiiied vi&v sevaal ZM77 cell lines. As d£|^cted in Figl4, the tet- 
5 induced phenotype chai^ in ZM77.poly \see partiaDjr sc^Tpiessed by Ihe vadous oom- 
pounds: Gdl scattedng ard conveacam 
IBS \^as inhibited to various e)cfBi^ 
pounds. 

10 In a smaDrScale screening can^gn testing novel con^urds with unknown activity against 
Src iniNiiole c^fls, several molecules vxxe identifieci viich sigpificardiy aridspedficalfysi:^ 
pressed the observable phenotjpe dianges. The (concentcatian-dqxndent) si^pression effect 
of one corr^ijrKi, designated 'T)5'^ \Niiidi 1^ 
lii^, is shoivn in Figl4k-n These results demoi^^ 

15 to screen and identify (novel) conpDunds vtidx inhibit Src activity in whole cdls. 

Spedfidty tests wifh PPl-Chr. and PP2 using tte Src-TQAT e^rossing cett line ZML70.21 
demonstrated that these con^urrds v^xaoe largely ineffective in siypressing the tet-induoed 
phenotype (cell scattering etc.) (see Fig 14/15 c, d). D5 sli^nfly stppressed the phenotype 
20 changes of ZM170.21 (see Fig 14/15 e, f). These results are consistent with the data obtained 
in the normal cell culture plates facilitating adherent gpwfh (see above for details and condu- 
sbns). 

In contrast to the Src-kinase inhibitors, v\hich only siq?pressed the tet-induced phenotype in 
25 tiie Src-YF e?q>ressing cell lines, the H^O inMbitois radidcol and 17-AAG weie able to 
sijpress to a large extent the tet-induced phenotype in both, Src-YF and Src-TQ/YF ec- 
presang cell lines (see Fig 14/15 ^ h, i, j). These results are in line with the data obtained in 
the normal cell culture plates facilitating adherent growth (see above for details and conclu- 
sions). 

30 

These results demonstrate that the described assay with suspended cells is well siited to 
screen and identify corrqxjunds, vAich modulate Sic activity or the function of the Hsp90 
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ch^peroite S3stan(ii)di^^ Hop andott^ oo-invoh^pro^^ in\^^^ole cdls. This 
assay can disdnguish bdiA^ai diiect, AIP-a)irpetilive and Sic (f amilj^-specific inhibitots 
(cat^ory 2b in Tabl) aid other irihb 

riesl and2^bycoiiipamQnof lesiilsfioniSrc-^ ©cptessn^cells/oeJl 
5 lines. 

c) Genmli cwfflclgafiQre 

Most of the moitioned cell lines have been subjected to a qualitative detenrinatbn of fheir 
10 bbbgjcal responses tpontet-mediafedSrc 

The stteng^ of the biobgical responses conekted with the lespective inducible tian^gene 
e9(pa?esaon]evek A big difference of the p a strong biological 

response i^n induction of e>^]!i^ 
IS the tet-inducedphenotype to apoint sdmevN^heEe inbetween these two extremes: 

(i) no e)9iession induction (tet), pihenotype reflects no (or backgpoimd) Src/ Src mutant 
activity and 

(ii) induced expression (+tet), phenotype reflects maximal Src/ Src mutant activity in the re- 
spective cdlline. 

20 

A corr^und, \Niiich is added to the cells at the time of tet-induction, will diminish the devel- 
opment of the tet-indurible fteiotype depoidmt on and quantitattveJy correlating with its 
inhibitory effect on Src/ Src mutant activity If there is no inhibition (0%), the induced phe- 
notype will be maximal (ii). On the other hand, if there is a corrplete inhibitton (100%), the 
25 tet-induced phenotype is coir^letdy stppressed and the phenotype is unchanged^ Le equiva- 
lent to the situation \\dthout tet (i). According, a partial inhibition of Src/ Src mutant acti?vity 
by a corr^und will result in a partial si^^pressian of the tet-indudble phenotype (l%-99%). 
The wder the range betvveen the phenotypes of i) -tetandof ii)+tet(Aj^.tet"^+te9)themore 
predsesly can the effect of apotentially Src inhibitary con5X)undbe measured 

30 
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Example 4 - Qiaantitative Determination of the Biological Readout (Fhenotype) for 
the Expression of Src/Src Mixtants and of the Potency of Src Modulating Gheaucal 
Corr^unds 

To pcoof Ihe concept of the ass^ platf onn accorcing to ihe invention in a quantitative manr 
nervvitiiahi^ypamMreadoiit fte activity assays fcom 

Fronteg^ according to the manufactuter's protocols: "CaiTifcer 96 AQueoiB One Solution 
10 Cell Proliferation Assay MrSi '\ GeflTiter-Blue™ Cett ^Wlity Assay (CTB) . and tine AIP- 
status assay "GeflTiter-Gb Luminescent Cell Viability Assay" 6VrF) v^xe used to obtain 
quantitative vahies reflecting (aspects of) tiie phenotype changes. 

The cdls seeded into white-walled/ clear bottom 96-\\ell plates ['MCROTESI" by 
15 Falcon, catJio. 353947] for MIS and ATP assays and in black-^dled/ dear bottom 96-^ 
plates r^MICROTEST" by Falcon, catno. 353948] for the CTB assay at tiie ^^propriaie denr 
sities. Tet and/or con^und addition (vtee applicable) was started the next day. Measure- 
ments were taken 1,2 and 3 days later using the Wallac Victor^ ™ multilabel plate reader 
(Peddn Elmo:). Absorbanoe was measured at 45Qnm (MTS). Lurrtinesc^ence mode was used 
20 for ttie ATP assay. For CTB fluorescence excitation wavelenglh was 550nm (fUtec 
550(20)nii\), emission wavelength was 590 nm (filten 590(20)nm). 

Chaiacfcedstic results of tiiese assays are summaa2ed in tables 2, 3 and4: 

25 Indicated are the means of sixplicate determinations (from 6 independent wells) in tiie ab- 
sence of tet (mean(-tet)) and in the presence of tet (mean(+tet)), folbwed by the respective 
corresponding standard deviations SD(-tet) and SD(+tet). The cdl viability/ metabolic activ- 
ity vpon tet-induction in idatian to the cell viability/ metabolic activity without tet ("±Z: 
tet(means '') is calculated from the quotient of tiiemeans of the measured oeD. viability/ meta- 

30 bolic activity signab from i) cells iriciiatedwifl^ cells inctbated with tet. A +/- 

tet(means)^vah:ie of 100% indicates that cells are equally viable/ metabolically active with and 
without iet; wherevo: tet addition induction of Src/ Src mutant ed^Hessioi^ chat^ges the 
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phenotype tovmfe leduced viabibty, thepec^^ co33?espojnc£n^. Furthamoie 

incicated are the conespandii^g 7! Vf^h^ffi In the piesent cxntfexf: Z'=l-P(SD(+tet)+SD(- 
tet))/ linean(+tet)-inean(-tet) I. Z' is a siixple statistical chacactedstic for assay quality assess- 
meiit; its theoretical maximuixi value ^ 1 (no data variability; SD=0) ^3iang et aL, 1999). 
5 Z'=:0 is leqtdiedfor anassayus^ul for asaseniiigqTpDoach; aZ'=:05 is considered excdlmt 
for an assay with r^g^ to hi^ ftizoii^h|>ut saeening In Tab.s % 3 and4 all +/-tet(means)-' 
values, \\iiich are aoconpaniedby Z' values =0, =0.5 and =0.8 are hi^ilightedby yeJbw, li^ 
orangs ard daik orange baclqgpoiind cdor, respectively. 

10 Three more paramfitas reflecting the effects of 0^ adiv- 
iiy in these assacys are indicated in Tab.3 and Tab.4: Toxidfy reflects the nonspecific (ie irre- 
q?ective of tet-induced Sic/ Sec mutant expsessioi^ effects of a corcpound on the viability/ 
metabolic activity of the cells. It is calculated as toxicit5^1-inean(-tet/X)n5X)irnd^ 
tet(DMSO)). For sinplidty reasons, the quotient ''inean(-tet,coii^unc^/mean(- 

15 tet,(D]VEO)" is also called Q^^ hereafter. The veWde itself (0.2% DMBO) hadro toxic effect 
on ary cdlline. If the compound does not diange cell viability/inetabolic activityQtox=l and 
thus toxicity=0. If a conpound completely kills all ceDs \Aifh no remainder of cdl vid^il- 
ity/metabolic activity Qox^O and toxicity^ L A negative toxicity value radicates that cell \i- 
ability / metabolic activity is hi^ner in the prcsence of a confound than wLthottt any con> 

20 pomd Negative toxicity values are usually small and due to a minor iiip:eciseness of the 
measured valijes. The suppression value quantifies the potmcy of a coir^und with respect 
to sippression of the tet-induced change in cell viability / metabolic activity Usually, tet- 
induction reduces cell viability / metabolic activity due to Src activity ard addtion of a Src 
inhibitory con^und mitig^es this redirtion A stppiession of 100% means that the com- 

25 pound totally sifTpresses the tet-induced decrease in cdl viabiKty / metabolic activity (as in 
the absence of tet). The following formula is en9k>}ed Stjjpresr 
sior^(inean(+tet/x)ii5X)unc^-ineari(+tet,pN^ 

mean(+tet,pNEO))xQtoJ. Finally, the corresponding 2! value is calc u lated as follows: 
y(gVgpr?ggiQn)=l- 

30 3(SD(+tet,compounc^SD(+tet,pMSO))xQt J/ lmean(+tet/x)mpounc^ 

rnean(+tet,(D^B3))xQtJ. The factor Q„ corrects the in^^ detemnaned in the ab- 
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SQice of a coirpound for the (ronqjedfic) toxidty effect of tiie respective conpounct \*ich 
\miMofhecvvise ovaj^^andobscutefte 

As a gsneial lesdt/ fhe cdl viabiU^^^ 
5 iiot changed by tetadditiorv because fetd^ 
these cdls +/-tet(ireans)r 100%. 

Table 2 shows that the hj^levd Src expressiiig cell line 2M/57 (see above for further de- 
tails) shows statistically relevant reductions in cell viabiHty/inetabolic activity in MIS and 

10 ATP ass^ Especially in ihe ATP ass^ tet-induction for 3 days reduced cell viabil- 
ity/mrtabolic activity to --50% as conf^ared with no tet-jnduction wdfli veiy good cone- 
spending Z' values of 0.75 and 0-79. The Src-YF e9<pressing cdl lines ZM772 and ZW 
\vece tested in paraM for their reduction of cell viability/ metaboHc activity tpon tet- 
inductioa Here the values are even bwer than with 2M75.7, declining to 10% cell viability/ 

1 5 metabolic activity after 3 dajs (con^OTed with no tet-induction) in the ATP assaj^ the cone- 
sponding Z' value of 0.89 is excdlent. Tet-induction for Idajr reduced the cdl viability/ 
metabolic activity to 55-65% (MTS) and to - 70% (ATP) and tet treatment for 2days reduced 
ihe cell viability/ metabolic activity to 20-40% (con^jared with no tet-indirtion). CbnqDared 
with the r^)id phenotype change tiiat w^ obvious from microscopic evaluation by e)« (see 

20 above), the reductions in cell viability/ metabolic activity me^ured in these assays are signifi- 
cantly ddayed Asdescribedinddsilabove, tiielar;^ the extent of the phenoty^ 
lycm tet addition A jpt^^-^+^t) the more easily and reliably a corryomd's capability to stp- 
press the tet-inducedjAienotype change can be rneasure^ In other words, the most suitable 
cell line for screening and measuring of Src inhibitors is the one with the most dramatic tet- 

25 inducible drop in cell viability/ metaboKc activity (smallest + /■4et(means)^ue). In that re- 
gard, it WQS found that the cell line ZM77. 8 is the most well suited cell line corroborating the 
findings from ftie evaluations by eye (microscope). 

The Src-KA expressing representative ZM76.3 shows only a moderate tet-induced reduction 
30 to rou^y 65-70% of the cell viability/ metabolic activity without tet after 2-3 days in these 
assays (best Z' value in this e>q>erirnent: 026), although the evaluation by eye reveals a very 
dear phenotype changp 1 -2 days afto: tet addition 
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Ixtvvb: oeU densities (b not 

Table 3 suminan2es lestdis firm analogous assays, in vioich the cdl lines ZM7.8(Src-YF), 
(Sic) and Wi763 (Src-KA) were teed to evaluate Hie rffects of test connpounds 
5 PPl-Oir. and PP2, v^iuch aie known Src Idnase inHhitois, and of the nevsiy identified conir 
pound 'T)5", vitich also ^jpeaied to si^jpress the trt-indudble phenofype in 7Mn& (see 
aibove)/ wifh respect to their ability to stqpcess the tet-induced reduction in ceill viabiliiy/ 
metabolic activity. ZM77.8 produced progressively lov>Er +Atet(ineans>-values declining to 
5% (Z'=0.95) in the MTS and to 13% (Z'= 0.91) in the ATP assay 3days after tet additioa 
10 These dramatic reductions and the corresponcXng esoidlent 71 values provide a very gpod 
basis for the neasuiBment of the stppressi^ 

Inteoesting^^ the best stf^presaon values are aheacfy reached 2d^ after tet and con^tind 
additbiv obviously due to the progressat^ d^radation of the oon;x>unds in the medltotn 
and/or in the cells at HPQ over the course of several d^. This finding is also in line v\ath 

15 observations described above For example, in the MTS assay + Atet(nieans) was down to 
16% after 2d^, \>teeas in the presence of 10pMPl?l-Chr. + /-tet(means) was only reduced 
to 75%, which makes a si^pression of 70% accoirpanied by an excellent Z'(st5?pression) 
value of 0.86. After 3 days, the stppression dedined to 28% w1haZ'(st{?pression) still beir^ 
excellent. In general it can be said that siqjpression effects by coir5X)unds are most obvious 

20 after 2 days, sometimes even Iday, of tet/ compound inoijatton, while Z'(si;ppressi0n) values 
are best after 2-3 days. Tab.3 also shows that the si^jpression of a cDnpourvl (namdy PP2) 
correlates with its concentration (here 5pM and IpM), in line with the observation described 
above. The nev^iy identified compound D5 at40pMconceritrationrnediateda50% 
sfon (Z'= 0.77) in the ATP assay 2days after tet/coix^xjund additiaa 

25 

The stppressLon effects mediated by the test corc^xDunds PPl-Chr. and PP2 on ZM75.7 were 
detected with g3od to excdlent Z'(sij?pressbn) values 3 dajs after tet/compound addition. 
The effect of D5 was not detected by this experiment 

30 The con^unds did not stj^ness the Sic-KA induced phenotype of the cell line ZW6.3; this 
is in line \\ith the observation described above. Rather, in the MIS assay, the presence of 
some confounds further reduces the cell viability/ metabolic activity (n^gptive stfpnessfon). 
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obvbtstjr due to a syrvsxQsai wifh Ihe donnnaiit-iieg^tive ^ect As aheacfy put f Qr\^mi 
aixive this iiKicates that ti^^ 

kinase activiiy rafter than acting iinotJ?^ any of ihe non-catalytic domains of Stc or, ind- 
lecfly, thiou^ inhibition of ^ 

5 

The AlP-assay leagsnt vsas dso added to the of a 

2M77.8 oeOs in suq^ension and transf eoced into the appropri ate white-'walled 96'v\dl plates 
for kiminesoenoe measurement Abhoi^ the Z' values v^eoQ not in the way g3od rangp, it 
can be seen tiiat the cell viability is sigrMcanily de^^ 
10 3 d^ of tet-induction and that addition of FPl-Chr. st^Tptesses this leductioa Thus, in 
pdnc^, ahi^ilyparaM and quantitative detection and determination of Src inhibitois also 
wDiics vvilh this assay vadiatioa 

Both assay types, MIS and ATP, aie suited to scceen and detect in a quantitative and 
15 hi^y parallel manner oon^unds \l^hich ate able to inhibit Src activity in intact celk Fui> 
thermore, by usinga soies of q?propriate concentrations fte 50% dEfective concenttatiDn of 
a coEcpound (EC50) can be detertrined In summaiy, there is no big quaKly difference be- 
tween Mrs and ATP assay: Reductions of cell viability/metabolic activity are iBially a bit 
iru3rer;^Myrix)nitoredvNathMIS(4hineasu^ The 
20 ATP assay delivers somevshat better Z values in the mqority of the cases; only with ZM76.3 
the Mrs assay is stperior. 

Table 4 shovss data obtained from the CIB assay and in comparisorv with the ATP assay. On 
each day 4 measuremmts are taken (1, 2, 3 and4 h after the addition of the CTB assay re- 
25 agents). The Src-TQ/YF e^qrossing cell line ZM170.21, vshich aDows to detennine the sped- 
fidty of compound inhibition (see above; Tab.l) was also induded Moreover the corr^urds 
radidcol and 17-AAG, \^Wch are no direct Src kinase inhibitors, but rather inhibit HjSp90, 
\^iuch is required for a proper folding of Src, and thus indirectly inhibit Src activity, vfes^ in- 
duded 

30 

The tet-jndurible reductions of the cdl viabiKiy/ metabolic activity (+ /-tet(means)-values) are 
ahno^ identical between ZM77.8 and ZMl 7021 and go down to - 25% on day 1, to 8-9% on 
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day2 andto2-3%onc%^3intheCre assayP,3or4hme9sui^^ 
provides an ideal basis for the measurement of sippiession effects by cQDnpounds. 

In fhis e>9eriment, ITl<lTr^ 
5 hibiboiy and Src-f aiiiity-spedfic con^unds. D5 "was vsed as an exanple for a campouiui 
v^ch mhibits Sec as a direct Sic kinase inhibitor, bid vHdn is less specific and, according to 
the observations by eye/mictoscope (see above; Tab.l), can also fo some ecfcent inMbit the 
Snc-TQ AF mutant Radidcol and 17-AAG was used as representatives of a conpound 
dass, \\^iich indirectly inhibits Src (via inhibition of the diapeaxxoe system). 

10 

In the Sdc-YF e>q^a3essing cdl line ZM77.8 all compounds dearly stj^press the tet-induoed 
reductions of the cdl viaHKiy/ metabolic activity (+Afet(means)-values). In the CTB assay 
fhe sif)pression is already^ evident and statistically reliable (gpod to e>QC€31ent Z'(si{>pression) 
values) after Idajrof inciibatianWih tet and coixijjotinds (see Fig.l5a). In the ATP ass^the 
IS si^Tpres^onis also evident on dayl^l^ 
to excdlent rangp fkm daj2 on. 

In contrast, in fhe Src-TQ/YF expressing cell line ZM170.21 fhe Src family specific inhibitors 
PPl-Chr. and PP2 did not significantty stfipress fhe +/-+et(means)-values (FiglSb). This 

20 again dermnstrates (in line wlh the observations described above), that this cdl line is per- 
fectly suited to diseriminate betv\em Src(family)-spedfic kinase irihibitOES and non-specific or 
less specific inhibitors. This is further exeri^lified by fhe results vwlh corrpound D5 
(FiglSb): In cantrast to PPl-Chr. and PP2, this cort^xDund also sigpificanfly stppresses the 
+/-tet(means)-values in ZM17021. The si5:p!ression is weaker than in ZM77.8 suggesting 

25 thatDS, althou^not as specific as PPl-Qir. or PP2, has at least a preference for Src-family 
kinases. 

Radidcol and 17-AAG v^ece equally effective in both cell lines (FiglS^b). 

30 Moreover, radidcol was also effectivdy sv^Tpressing the Src-KA-induced phenotype in the 
cdl line ZM76.3 (CTB assay), alfhou^ the Z^(siypression) values are too lowf or this cdl line 
to be used in a medium or hi^-throvi^^put screen, wiiich require W^ier Z' values (rab.4). 
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EvahBiingthesuitabffityof bofe ard AIP) it can be stated that CTB 

shows beita: (xrtoiBr^MardstiQr^er) leduc^^ 

(^M77&, 772, 17021; 763, 75:7) 1han ihe ATP ass^ Crab.4 and dafarot showt^. IXe to 
5 fhi^ at day2 and 3, the si;:!pDesfflon (in %) in the CTB assay is often less than in the ATP as- 
says because the +/-tet(]iiean)-values aie saxtall (due to stcong fet-inducediedictionof cdl 
viability/ xnetaboUc activity). The Z'vahaes are moie often be^ 

assay. In CTB, later measurements (3-4h after reagent adcfidon) are t:isual]y better and more 
rdiable than eady meastoemait time points (es{x Ih). Reductions (+/-tet(mean)-vatues) are 

10 iisualtybest aftarS d^bothinATParidCTB ass^/V^Mesl:;7p!res^orlS are often b^^ 
da)2 (or even dayl). Values with the control cdl Hne 7M74JS iruScate that the CTB assay in 
general is probably less accurate than the ATP assay, \\hich however, is xoi:^ity con^^ensated 
for by the stronger reductfons - at least fWs is dhownby the corr5>arabIe or sK^itly better Z* 
vahiesw It fo]Iov^s that the CTB assay diotdd preferably be givenprioiityoverthe ATP assay 

15 in a first assaj^ run, while an accorcpanyirg ATP assay gives more reliability and oonfidenoa If 
the nutrber of ceill lines / compounds is small and the evaluation is very rtrportartf both as- 
says mi^ be run in parallel 

The above described proof <>f-priririple experiments demonstrate that the three en^loyed 
20 assay types (MTS, ATP and CTB) are very well suitable to screen, identify and quantitatively 
evaluate confounds, \^hich can inhibit Src activity in intact cdls directly and indirectly. So, 
this also indiKJes the possibifity to identify con^ chap 
erone system (iridiKfag cooperative protein 

It is furthermore possible to determine the specificity of such con^unds by means of comr 

25 parir^ fhar^ects on Src-YF expressing (ZM77) ceU lines 

expressing cell lines. Other mutations beades the TQ mutation described and used hereirv 
wWch change in^rtari specificity detecminarife in or iiear^ andwJiich 
consequentfy allow to discriminate between oorqx)unds specific for Src family kinases and 
confounds vsiiich are also able to ti^itly bind and inhibit other more distantly related tyro- 

30 sine kinases, could be used in this assay. 
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If one compares the tet-inducible phenotype chaoigss and their siqppcessiQn by vanous oom- 
pounds in ZN^ and ZM7D Gell Bnes ohse^ 

3 or 4, respectively/ vrffti the neasuteaMnts based on cell viability and metabolic activity by 
means of the above described assays, it is stdMng that the ass^ recoid the pihenotype 
5 dianges(andsi{9p9£saQns)iMt^ It takes 1*2 c^(dq)erKSng on the assay type) 

of tet(/ooirpotin£$ inciibaticm until the char^ies (reductions) are evident and statistically sig- 
nificant The reductions continue at least until da}6. In contrast, observation of the cells tD> 
der the micioscope reveals that aheacfy 8-12h after addition of tet, ie induction of Src-YF or 
Sic-TQ AF ey^cessioiv the dramatic phenoiype change is (almost) fully estabMied 

10 

It is pssfaxed to use image analysis systems for quantification of phenotype changes vpcm 
induction. 

In aprefenedembodiinent it is suggested to iise the assay platform in a tv\o-st^pixx:ess: 1. 

15 A Src-YF e>q3Dessing cell line, eg ZM77.8, (or its anabgue of other Sic kinase family menv 
bets) can be eii5?byed in a medixm or hi^ thn3U^:qnA sami ij^^ 
CTB assay. Hits sihotild preferably be confirmed by ATP and/or MTS assays. These assays 
are amenable to automatiorL Z a) Verified hits can then be screened against a Src-TQ/YF 
expressing cell line, eg ZM170.21, (or its analogue of other Src kinase family members) using 

20 the sancieassajs in order to evaluate them \vi£hreq)^ b) A Src-BCA expressing 

ceE line, eg ZM763, (or its analogue of other Src kinase family members) can then be irv- 
elided to further characterize the mode of action, especially for hits, ^Aiiich suppressed the 
phenotype changes of both Src-YF and -TQ/YF expressing cell lines. If Src-KA expressing 
cell lines do not )deld statistically relevant data in these assays, they should preferably be 

25 evaluated by eye/ mioDSCOpe This mil not be a mqor problenv because the number of hits 
mil alreacfybe small after the initial filtering v^th Src-YF (and Src-TQAT) ©qpressingcell 
lines. Mhot^aqualtativediffeDertceof corripoijrdirt 

Src was not expected, it is advisable to also check the verified hits on Src expressing cell lines 
(or other Src family memba: expressing cell lines). This maybe daneby the aforementioned 
30 ass^ in the case of the ZM75J cell line or by eye/ irdcrosoope 



b^ General Considerations and Methods 
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DispJaging ftie most dramatic response^ tte Src-YF e)9resangZ^C^ ceDHres, 
seenffidideallysutial to establish ame^^ 

of tihese leadity obsecvable pihenotype charigBs and their stqppcession by potential Sec- 
5 irihihitoiytestoarr^xjunds. 

Also well suited is the Sic expressing cell line ZM75.7. For reasons of das^ficationof iiovd 
iriWhitois according to their mode of action and q>ecificity (see Tab.1, p.l5) the Src-TQ AF 
and Src-KA©^TOsang cell lines, eg. ZM170.21 andZW6.3, respectivdy, are emploj^d 



